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PREFACE

The following is the final report for the U.S. Fiahd Wildlife Service’s investigations on
anadromous salmonid spawning habitat in the YubarRietween Englebright Dam and the
Feather River, part of the Central Valley Projesptovement Act (CVPIA) Instream Flow
Investigations,a 6-year effort which began in October, 2801 Title 34, Section 3406(b)(1)(B)
of the CVPIA, P.L. 102-575, requires the Secretdrthe Interior to determine instream flow
needs for anadromous fish for all Central Vallegj&et controlled streams and rivers, based on
recommendations of the U.S. Fish and Wildlife Ssxafter consultation with the California
Department of Fish and Game. The purpose of tineestigations is to provide scientific
information to the U.S. Fish and Wildlife Servicer@ral Valley Project Improvement Act
Program to assist in developing such recommendatmmCentral Valley rivers.

Written comments or information can be submittednid raw data in digital format can be
obtained from:

Mark Gard, Senior Biologist
Energy Planning and Instream Flow Branch
U.S. Fish and Wildlife Service
Sacramento Fish and Wildlife Office
2800 Cottage Way, Room W-2605
Sacramento, CA 95825

Mark_Gard@fws.gov

! This program is a continuation of a 7-year effaf$p titled the Central Valley Project
Improvement Act Instream Flow Investigations, whiah from February 1995 through
September 2001.
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ABSTRACT

Flow-habitat relationships were derived for spramgl fall-run Chinook salmon and
steelhead/rainbow trout spawning in the Yuba Rbetween Englebright Dam and the Feather
River. A 2-dimensional hydraulic and habitat mo@INER2D) was used for this study to
model available habitat. Habitat was modeled itessupstream and downstream of Daguerre
Point Dam which were among those which receivech#ariest use by spawning spring-run and
fall-run Chinook salmon and steelhead/rainbow trddbdel inputs included bed topography
and additional data to develop stage-dischargéaoakhips at the upstream and downstream end
of the sites. Velocities measured in the siteewsed to validate the velocity predictions of
RIVER2D. Habitat suitability criteria (HSC) werewkloped from depth, velocity and substrate
measurements collected on 168 spring-run Chinolokaaredds, 870 fall-run Chinook salmon
redds, and 184 steelhead/rainbow trout redds. hdheontal location of a subset of these redds,
located in the study sites, was measured withad $tdition to use in biological verification of the
habitat models. Logistic regression, along wite@hnique to adjust spawning depth habitat
utilization curves to account for low availabilby deep waters with suitable velocities and
substrates (Gard 1998), was used to develop thé dep velocity HSC. The HSC had optimal
velocities ranging from 1.5 to 1.7 feet/sec (0.450.518 m/s) for fall-run Chinook salmon to
2.6 to 2.9 feet/sec (0.792 to 0.884 m/s) for stadlrainbow trout, optimal depths ranging from
1.4 feet (0.43 m) for fall-run Chinook salmon t@ 7o 16.9 feet (2.13 to 5.15 m) for steelhead/
rainbow trout, and optimal substrate sizes of hehes (2.5-5 cm) for steelhead/rainbow trout to
2-4 inches (5-10 cm) for spring and fall-run Chik@almon. Flows with the most amount of
spawning habitat ranged from 900 cfs for spring-@nnook salmon downstream of Daguerre
Point Dam to 3,700 cfs for steelhead/rainbow tamwnstream of Daguerre Point Dam.
Differences between the HSC from this study anérostudies are likely primarily due to the
methods used in the other studies underestimdtmguitability of deeper and faster conditions
because they did not take availability into accourtie flow-habitat relationships from this
study, predicting greater amounts of habitat ai@is and a peak amount of habitat at higher
flows than an earlier instream flow study in thelfdB80’s on the Yuba River, likely reflect the
differences in the criteria between the two studiaes use of River2D in this study and modeling
only high-use spawning areas in this study. Therawement of the techniques for performing
instream flow studies since the 1980’s have in@edlse accuracy of habitat predictions and
better reflect the hydraulic complexities of rivdrannels.
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INTRODUCTION

In response to substantial declines in anadromshgpbpulations, the Central Valley Project
Improvement Act provided for enactment of all rezsule efforts to double sustainable natural
production of anadromous fish stocks includingfthe races of Chinook salmon (fall, late-fall,
winter, and spring-runs), steelhead, white andrgstergeon, American shad and striped bass in
the Central Valley of California. The Yuba Rivera major tributary of the Feather River,
located in the Sacramento River basin portion efGentral Valley of California. The focus of
the Yuba River study was the reach between Englebbam and the Feather River, the only
portion of the Yuba River accessible for spring &aidtdrun Chinook salmon and steelhead
spawning. For the Yuba River downstream of EngggibrDam, the Central Valley Project
Improvement Act Anadromous Doubling Plan callsifoproved flows for all life history stages
of Chinook salmon and steelhead (U.S. Fish andliiél8ervice 1995) as a high priority action
to restore anadromous fish populations in the YRivar. Subsequently, Yuba County Water
Agency, collaboratively with the National Marinesheries Service, the U.S. Fish and
Wildlife Service, the California Department of Fiahd Game and Non-Governmental
Organizations, diligently worked to develop a coetpFnsive set of improved flow
regimes, which now are the Flow Schedules of thedroYuba River Accord (HDR/SWRI
2007).

In June 2001, the U.S. Fish and Wildlife Servicepared a study proposal to identify the
instream flow requirements for anadromous fishartain streams within the Central Valley of
California, including the Yuba River. The Yuba Riwas selected for study because of a
number of factors, including the presence of listedatened or endangered species, the number
of target species or races, whether current instifé@vs were inadequate and if there was an
upcoming hydroelectric project relicensing. Thealgaf this study was to produce models
predicting habitat-discharge relationships in théa River for spring and fall-run Chinook
salmon and steelhead/rainbow trout spawning that,n@the extent feasible, the levels of
accuracy specified in the methods section. THestasd their associated objectives are given in
Table 1.

To develop a flow regime which will accommodate liaditat needs of anadromous species
inhabiting streams, it is necessary to determiea¢hationship between streamflow and habitat
availability for each life stage of those speci®g¢e are using the models and techniques
contained within the Instream Flow Incremental Metblogy (IFIM) to establish these
relationships. The IFIM is a habitat-based toaladeped by the U.S. Fish and Wildlife Service
to assess instream flow problems (Bovee 1996). dBleesion variable generated by the IFIM is
total habitat, in units of Weighted Useable Ared X, for each life stage (fry, juvenile and
spawning) of each evaluation species (or race pligedito Chinook salmon). Habitat
incorporates both macro- and microhabitat featuhdacrohabitat features, with a spatial scale
of 10 to 100 km, include longitudinal changes iamhel characteristics, base flow, water quality,
and water temperature. Microhabitat features, wiipatial scale of 1 to 5 m, include the
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Table 1. Study tasks and associated objectives.

Task

Objective

study segment selection

field reconnaissance and study site
selection

transect placement (study site setup)

hydraulic and structural data
collection

hydraulic model construction and
calibration

habitat suitability criteria data
collection

biological verification data collection

habitat suitability criteria development

biological verification

habitat simulation

determine the number and aerial extent of study segments

select study sites which receive heavy spawning use by spring
and fall-run Chinook salmon and steelhead/rainbow trout

delineate the upstream and downstream boundaries of the study
sites, coinciding with the boundaries of the heavy spawning use
areas

collect the data necessary to: 1) develop stage-discharge
relationships at the upstream and downstream boundaries of the
site; 2) develop the site topography and substrate distribution; and
3) validate the velocity predictions of the hydraulic model of the
study sites

predict depths and velocities throughout the study sites at a range
of simulation flows

collect depth, velocity and substrate data for spring and fall-run
Chinook salmon and steelhead/rainbow trout redds to be used in
developing habitat suitability criteria (HSC)

record the horizontal location of redds within the study sites to use
in the biological verification of the habitat models of the study sites

develop indices to translate the output of the hydraulic models into
habitat quality

determine if the combined suitability of locations with redds had
higher suitability that those of unoccupied locations

compute weighted useable area for each study site over a range
of simulation flows using the habitat suitability criteria and the
output of the hydraulic model

hydraulic and structural conditions (depth, velpcsubstrate or cover) which define the actual
living space of the organisms. The total habivailable to a species/life stage at any streamflow
is the area of overlap between available microlasbid suitable macrohabitat conditions.

Conceptual models are essential for establishiagrétical or commonly-accepted frameworks,
upon which data collection and scientific testiag @e interpreted meaningfully. A conceptual
model of the link between spawning habitat and padpn change (Figure 1) may be described
as follows (Bartholow 1996, Bartholow et al. 1998]liamson et al. 1993). Changes in flows
result in changes in water depths and velocitEgese changes, in turn, along with the
distribution of substrate, alter the amount of kettarea available for adult spawning for
anadromous salmonids. Changes in the amount @bhédr adult spawning could affect
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Habitat Suitability

Zhanges in Flows

Zhanges in Depths
and YWelocities

riteria

Fedd Size

Zhange in Spawning Habitat
Area

Substrate Distribution

Zhange in Amount of Redd
SUperposition

Mumber of Spawners

Zhange in Reproductive
Success

Change in Salmonid

Fopulation

Figure 1. Conceptual model of the linkage between flow and salmonid populations.
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reproductive success through the use of habitdifferent suitability or alterations in the amount
of redd superimposition. These alterations inadpctive success could ultimately result in
changes in salmonid populations.

There are a variety of alternative techniques ab&lto quantify the functional relationship
between flow and spawning habitat availability, they can be broken down into three general
categories: 1) biological response correlati@)glemonstration flow assessment; and 3) habitat
modeling (Annear et al. 2002). Biological respoosgelations can be used to evaluate
spawning habitat by directly examining the degreedd superimposition at different flows in a
stream of interest (Snider et al. 1996). Howetlas, method requires many years of data
collected at intermediate levels of spawning -eat $pawning levels, there will not be any redd
superimposition even at low habitat levels, whilbigh spawning levels, the amount of
superimposition cannot be determined because ohaiviredds can no longer be identified.

Redd surveys presently are being conducted foseéhend year as part of the Lower Yuba River
Accord. Although these data are expected to peowidight into salmonid spawning habitat use,
they are too limited to use for determining instneffow needs. Demonstration flow assessments
(CIFGS 2003) likewise use direct observation oérilabitat conditions at several flows; at each
flow, polygons of habitat are delineated in thédfieBecause the flow regime in the lower Yuba
River is set by Federal Energy Regulatory CommisBaense requirements and water delivery
demands made on the Yuba County Water Agency, dstimadion flows cannot be conducted.
Therefore, we chose to conduct habitat modelingifedower Yuba River under a range of

flows using data collected from representative \g&ites in the river. Modeling approaches are
widely used to assess the effects of instream flavBsh habitat availability despite potential
assumption, sampling, and measurement errorsafat, the other methods described above, can
contribute to the uncertainty of results.

The range of Yuba River flows to be evaluated fanagement generally is 150 cubic feet per
second (cfs) downstream of Daguerre Point Dami¢vest flow in the Yuba River Accord) and
400 cfs upstream of Daguerre Point Dam (the cuiS¢ate Water Resources Control Board
minimum flow) to 4,170 cfs (the combined capacitiNarrows | and Il). Accordingly, the range
of study flows encompasses the range of flows tevaduated for management. The
assumptions of this study are: 1) that physichlthais the limiting factor for salmonid
populations in the Yuba River; 2) that spawningitalguality can be characterized by depth,
velocity and substrate; 3) that the depths andciteds present during Habitat Suitability Index
(HSI) data collection were the same as when thaésragre constructed; 4) any
steelhead/rainbow trout redds that we measuredrisurveys were constructed during the 30
days prior to the survey dates based on the assamtptt redds would not appear fresh after
that time period; 5) that the ten study sites apgasentative of anadromous salmonid spawning
habitat in the Yuba River; 6) that theoretical dopres of physical processes along with a
description of stream bathymetry provide sufficienput to simulate velocity distributions
through a study site; and 7) that the Yuba Riven dynamic equilibrium.
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METHODS
Approach

RIVER2D (Steffler and Blackburn 2002), a two-dimiensl (2-D) hydraulic and habitat model,
was used for predicting Weighted Useable Area (WUistead of the Physical Habitat
Simulation (PHABSIM) used in some of our earlier studies (e.g., USRO®). Two-
dimensional model inputs include the bed topogrgphy, representing channel volume and
directionality) and bed roughness (i.e., represerttie frictional effect of the streambed
substrate and cover on flow), and the water sudéeation at the downstream end of the site.
The amount of habitat present in the site is coegbusing the depths and velocities predicted by
the 2-D model, and the substrate present in tee 3ihe 2-D model avoids problems of transect
placement, since data are collected uniformly acties entire site (Gard 2009). The 2-D model
also has the potential to model depths and veéscdver a range of flows more accurately than
PHABSIM because it takes into account upstreamdamchstream bed topography and bed
roughness, and explicitly uses mechanistic prosggsmservation of mass and momentum),
rather than Manning’s Equation and a velocity adpent factor (Leclerc et al. 1995). Other
advantages of 2-D compared to 1-D modeling areitltan explicitly handle complex
hydraulics, including transverse flows, across-clehnariation in water surface elevations, and
flow contractions/expansions (Ghanem et al. 1996w@er and Diplas 2000, Pasternack et al.
2004). With appropriate bathymetry data, the madale is small enough to correspond to the
scale of microhabitat use data with depths andciteds produced on a continuous basis, rather
than in discrete cells. The 2-D model, with compatls, should be more accurate than
PHABSIM, with long rectangular cells, in capturilegngitudinal variation in depth, velocity and
substrate. The 2-D model should do a better jalemfesenting patchy microhabitat features,
such as gravel patches. The data can be colledtie@ stratified sampling scheme, with higher
intensity sampling in areas with more complex orenguickly varying microhabitat features,
and lower intensity sampling in areas with unifoymrying bed topography and uniform
substrate. Bed topography and substrate mapptagcda be collected at a very low flow, with
the only data needed at high flow being water sertdevations at the up- and downstream ends
of the site and flow, and edge velocities for vatlidn purposes. In addition, alternative habitat
suitability criteria, such as measures of habitatrdity, can be used.

We did use PHABSIM to model transects at the upstrand downstream ends of the study sites
to provide water surface elevations as an inp&IWER2D (Figure 2). By calibrating the
upstream and downstream transects with PHABSIMguisia collected calibration water surface
elevations (WSELSs), we could then predict the WStoltghe various simulation flows that were

? PHABSIM is the collection of one dimensional hyalia and habitat models which can
be used to predict the relationship between phlysadaitat availability and streamflow over a
range of river discharges.
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Figure 2. Flow diagram of data collection and modeling.
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to be modeled using RIVER2D. We then calibratedRiVER2D models using the highest
simulation flow. The highest simulation WSELs potedd by PHABSIM for the upstream and
downstream transects could be used for the upstbeaimdary condition (in addition to flow)
and the downstream boundary condition. The PHABSitbticted WSEL for the upstream
transect at the highest simulation flow was useaktrertain calibration of the RIVER2D model
at the highest simulation flow. After the RIVER2bdel was calibrated at the highest
simulation flow, the WSELSs predicted by PHABSIM thie downstream transect for each
simulation flow were used for the downstream bouypdanditions for RIVER2D simulation
flows.

Traditionally, habitat suitability criteria are eted from observations of fish use by fitting a
nonlinear function to the frequency of habitat fegeeach variable (depth, velocity, and
substrate). One concern with this technique istfext of availability of habitat on the observed
frequency of habitat use. For example, if a sabstsize is relatively rare in a stream, fish will
be found primarily not using that substrate sirepdy because of the rarity of that substrate size,
rather than because they are actively selectirmpaxgthout that substrate size. Guay et al.
(2000) proposed a modification of the above teammigyhere depth, velocity, and substrate data
are collected both in locations where redds arsgmteand in locations where redds are absent,
and a logistic regression is used to develop titera.

In general, logistic regression is an appropritdéstical technique to use when data are binary
(e.g., when a fish is either present or absentgarticular habitat type) and result in proportions
that need to be analyzed (e.g., when 10, 20, aneki@@nt of fish are found respectively in
habitats with three different sizes of gravel; Pah8900). It is well-established in the literature
(Knapp and Preisler 1999, Parasiewicz 1999, Gemit 2000, Guay et al. 2000, Tiffan et al.
2002, McHugh and Budy 2004) that logistic regressiare appropriate for developing habitat
suitability criteria. For example, McHugh and Bu@p04) state:

“More recently, and based on the early recommeaondsatdf Thielke (1985), many
researchers have adopted a multivariate logistieession approach to habitat
suitability modeling (Knapp and Preisler 1999; Geisal. 2000; Guay et al.
2000).”

Sudy Segment Delineation

Study segments were delineated within the studshre&the Yuba River between Englebright
Dam and the Feather River (Figure 3) based onrdiifges in flow. Flow data are available for
six United States Geological Survey (USGS) gagdisinvihe study reach: Yuba River at
Smartville (USGS gage # 11418000), Deer Creek (U§&fe # 11418500), Browns Valley
Diversion (USGS gage # 11420750), Brophy Divergld8GS gage # 11420760), Hallwood-
Cordua Diversion (USGS gage # 11420770) and YulearRit Marysville (USGS gage #
11421000). Flow data are available for all sixegfpr the period January 1971 to November
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2000. Flows for the Yuba River downstream of D@éerek were calculated by adding Deer
Creek gage flows to Smartville gage flows. Floasthe Yuba River downstream of Browns
Valley Diversion were calculated by subtracting Bns Valley gage diversion flows from Yuba
River flows below Deer Creek. Flows for the Yubad® downstream of Daguerre Point Dam
were calculated by subtracting gage flows for Bgoghd Hallwood-Cordua Diversions from the
Yuba River flow downstream of the Browns Valley Bigion.

Field Reconnaissance and Study Ste Selection

We began preliminary work of determining spring-imnook salmon spawning locations on
September 21, 2001. This work consisted of flgatiownstream from U.C. Sierra Research
Station to Daguerre Point Dam and recording witl@bal Positioning System (GPS) unit the
locations and approximate numbers of spring-rum@k salmon redds observed. These data
were collected in order to select study sites baseldeaviest spawning use. We collected the
same data in November and December 2001 for fall@inook salmon redds between the
downstream end of the Narrows (river mile 21.9) 8mdpson Lane Bridge (river mile 1.8 -
downstream extent of Chinook salmon spawning hgbiteor fall-run Chinook salmon redds,
we also visually estimated redd superimposition eribdically recorded water temperature.

The observations made in 2001 for spawning sprnmgand fall-run Chinook salmon were
combined in a Geographic Information System (GI&)lysis with data collected in 2000 on fall-
run Chinook salmon and steelhead/rainbow trout spayby Jones and Stokes Associates, Inc.
biologists. Study sites selected correspond tedlaweas which received the heaviest use by
spring-run and fall-run Chinook salmon and steadfr@anbow trout. For the sites selected for
modeling, the landowners along both riverbanks vdeatified and temporary entry permits
were sent, accompanied by a cover letter, to réguemission for entry onto their property
during the course of the study.

Transect Placement (study site set-up)

Ten study sites (Figure 3) were established Matcte 2002. The study sib®undaries
(upstream and downstream ends) wsaiected to coincide with the upstream and dowastre
boundaries of the heavy spawning use dre@ike location of these boundaries was established
during site setup by navigating to the points mdnkeh the GPS unit during our redd counts in
September and November-December 2001 and the mégqzaabns of fall-run Chinook salmon
and steelhead/rainbow trout redds recorded by Jamé$Stokes Associates, Inc. biologists.

% In some cases, the top of the site was moved @pstamd/or the bottom of the site was
moved downstream to a location that was betteegdud being a boundary for the 2-D model (a
relatively unvarying WSEL and parallel flow acrdle transect).
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For each study site, a transect was placed atpdieaam and downstream end of the site. The
downstream transect was modeled with PHABSIM twigl®WSELS as an input to the 2-D
model. The upstream transect was used in calilgrdéiie 2-D model - bed roughnesses are
adjusted until the WSEL at the top of the site rhascthe WSEL predicted by PHABSIM.
Transect pins (headpins and tailpins) were installe each river bank above the 7,000 cfs water
surface level using rebar driven into the ground/anlag bolts placed in tree trunks. Survey
flagging was used to mark the locations of each pin

Hydraulic and Structural Habitat Data Collection

The precision and accuracy of the field equipmeeduor the hydraulic and structural data
collection is given in Table 2. Vertical benchnmavkere established at each site to serve as the
reference elevations to which all elevations (stiead and water surface) were tied. Vertical
benchmarks were tied together, using differenéaéling, to achieve a level loop accuracy (ft) of
at least 0.05 x (level loop distance [nfif) Vertical benchmarks consisted of lag bolts drive

into trees or painted bedrock points. In additimorjzontal benchmarks (rebar driven into the
ground) were established at each site for totéibstgplacement to serve as the reference
locations to which all horizontal locations (nortgs and eastings) were tied when collecting bed
topography data. The precise northing and easbingdinates and vertical elevations of two
horizontal benchmarks were established for eaehbsithe U.S. Bureau of Reclamation using
dual frequency survey-grade differential GPS. &lawations of these benchmarks were tied into
the vertical benchmarks on our sites using diffeatfeveling. Collection of site bed

topography data relative to these values were psathrily to enable the incorporation of bed
topography data collected for the Yuba River bylh®. Army Corps of Engineers (Corps) using
photogrammetry and hydro-acoustic mapping.

Hydraulic and structural data collection began iarth 2002 and was completed in November
2003 for the 10 sites that were established in 200he data collected at the inflow and outflow
transects included: 1) WSELs measured to the se@@l foot (0.003 m) at a minimum of three
significantly different stream discharges usingnd&d surveying techniques (differential
leveling); 2) wetted streambed elevations deterthimesubtracting the measured depth from the
surveyed WSEL at a measured flow; 3) dry groundagiens to points above bankfull discharge
surveyed to the nearest 0.1 foot (0.031 m); 4) mester column velocities measured at a mid-
to-high-range flow at the points where bed elevetiovere taken; and 5) substrate and cover
classification at these same locations (Tablesd34arand also where dry ground elevations were
surveyed.

When conditions allowed, WSELs were measured albartly banks and in the middle of each
transect. Otherwise, the WSELs were measured &otigbanks. If the WSELs measured for a
transect were within 0.1 foot (0.031 m) of eacheotthe WSELSs at each transect were then

* Cover types were only used to calculate bed rouggne
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Table 2. Precision and accuracy of field equipment (+- 1 SD). The precision of the
ADCP (Acoustic Doppler Current Profiler) is the statistical uncertainty (1 o) of the
horizontal velocities, and varies depending on the depth cell size, number of pings and
mode. The low end of the precision range is for a depth cell size of 0.2 m with 4 pings,
while the upper end of the range is for a depth cell size of 0.1 m with 4 pings. A blank
means that that information is not available.

Equipment Parameter Precision Accuracy
ADCP Velocity 15.5-37 cm/s 0.2% £ 0.2 cm/s
ADCP Depth 4%

Marsh-McBirney Velocity +2% + 1.5 cm/s
Price AA Velocity +6% at 7.6 cm/s to
+1.5% at vel > 46 cm/s

Total Station Slope Distance + (5ppm + 5) mm

Total Station Angle 4 sec

Electronic Distance Meter Slope Distance 1.5cm
Autolevel Elevation 0.3cm
GPS Horizontal Location 3—-7m

derived by averaging the two to three valueshdfWSEL differed by greater than 0.1 foot
(0.031 m), the WSEL for the transect was selectsgth on which side of the transect was
considered most representative of the flow conaigio

Depth and velocity measurements in portions otittuesects with depths greater than 3 feet (0.9
m) were made with a RD InstrumehBroad-Band &oustic Doppler Gurrent Rofiler (ADCP)
mounted on a boat, whereas depth and velocity measumts in shallower areas were made by
wading with a wading rod equipped with a Marsh-Maci* model 2000 or Price AA velocity
meter until the water became sufficiently deepperate the ADCP (approximately 3 feet [0.9
m]). The ADCP settings used are shown in Tabl&3e distance intervals of each depth and
velocity measurement from the headpin or tailpimenaeasured using a hand held laser range
finder. At the location of the last depth and velocitgasurement made while wading, a buoy
was placed to serve as a starting point for the RDChe boat was then positioned so that the
ADCP started operation at the buoy, and water dapthvelocity data were collected across the
transect up to the location near the opposite bdrdee water depths of approximately 3 feet (0.9
m) were reached. A buoy was placed at the locatioere ADCP operation ceased and the
procedure used for measuring depths and veloaitissallow water was repeated until the far

> The stations for the dry ground elevation measungésneere also measured using the
hand held laser range finder.

USFWS, SFWO, Energy Pl anning and | nstream Fl ow Branch
Yuba Ri ver Spawni ng Report
August 26, 2010

11



Table 3. Substrate codes, descriptors and particle sizes.

Code Type Particle Size (inches)
0.1 Sand/Silt < 0.1 (0.25 cm)

1 Small Gravel 0.1-1(0.25-2.5cm)
1.2 Medium Gravel 1-2(25-5cm)
1.3 Medium/Large Gravel 1-3(25-75cm)
2.3 Large Gravel 2-3(5-7.5cm)
2.4 Gravel/Cobble 2-4(5-10cm)
3.4 Small Cobble 3-4(7.5-10cm)
3.5 Small Cobble 3-5(7.5-125cm)
4.6 Medium Cobble 4-6(10-15cm)
6.8 Large Cobble 6 —8(15-20cm)

8 Large Cobble 8 —-10 (20 - 25 cm)

9 Boulder/Bedrock >12 (30 cm)

10 Large Cobble 10 -12 (25 -30cm)

bank water’'s edge was reached. Additional deteilthe ADCP operation are given in Gard and
Ballard (2003). All substrate and cover data anttAnsects were assessed by one observer
based on the visually-estimated average of mulgpdéns.

Data collected between the transects includeded)elevation; 2) northing and easting
(horizontal location); 3) substrate; and 4) covEhese parameters were collected at enough
points to characterize the bed topography, sulestiadl cover of the sites. We used two
techniques to collect the data between the upsteemhdownstream transects: 1) for areas that
were dry or shallow (less than three feet [0.9 ipg}d elevation and horizontal location of
individual points were obtained with a total statisvhereas the substrate and cover values were
assessed by one observer based on the visualtyadstl average of multiple grains at each
point; and 2) in portions of the site with deptheajer than three feet (0.9 m), the ADCP was
used in concert with the total station to obtaid bkevation and horizontal location.

Specifically, the ADCP was driven by boat acrogsdhannel at 50 to 150-foot (15 to 45 m)
intervals, with the initial and final horizontaldation of each traver3measured by the total

® A traverse refers to a set of data collected eiaoh the ADCP is driven across the channel.
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Table 4. Cover coding system.

Cover Category Cover Code
No cover 0
Cobble 1
Boulder 2
Fine woody vegetation (< 1" diameter) 3
Fine woody vegetation + overhead 3.7
Branches 4
Branches + overhead 4.7
Log (> 1' diameter) 5
Log + overhead 5.7
Overhead cover (> 2' above substrate) 7
Undercut bank 8
Aquatic vegetation 9
Aquatic vegetation + overhead 9.7
Rip-rap 10

Table 5. CFG’ files used for ADCP data. The first four characters of the ADCP
traverse designates which CFG file (containing the ADCP settings) was used for the
traverses. WT is the water track transmit length.

CFG Mode Depth Cell Depth Cell Max Pings WT First Blanking
File Size (cm) Number Bottom Depth Dist. (cm)
Track (m) Cell (m)
MDS8A 8 20 15 7.9 5 0.49 10
MD4C 4 10 30 7.9 5 0.46 10
MD4A 4 20 15 7.9 4 5 0.56 10
MD1D 1 10 60 7.9 10 5 1.87 10

" CFG is an acronym for Configuration File.
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station. The WSEL of each ADCP traverse was medswith the level before starting the
traverse. The WSEL of each traverse was then taggdher with the depths from the ADCP to
determine the bed elevation of each point alondrtheerse. For the collection of the substrate
and cover data on the ADCP traverses for the ghegnitial and final locations of each deep
bed elevation traverse were marked with buoys poidne ACDP traverses. The substrate and
cover values were assessed by one observer baskd wvisually-estimated average of multiple
grains, and a laser range finder was used to me#sepoints along the ADCP traverses where
transitions in substrate and cover occurred sovidlaes could be assigned to each point of the
traverse.

Velocities at each point measured by the ADCP wieggl to validate the 2-D model by
comparison with predicted velocities for deep argitisin a site. To validate the velocities
predicted by the 2-D model for shallow areas withisite, depth, velocity, substrate, and cover
measurements were collected alding right and left banksithin each site by wading with a
wading rod equipped with a Marsh-McBirffapodel 2000 or a Price AA velocity meter. These
validation velocities and the velocities measuredh® transects described previously were
collected using the standard practice of measureatdgh6 of the depth for 20 seconds. The
horizontal locations and bed elevations were resmbiay sighting from the total station to a
stadia rod and prism held at each point where depdhvelocity were measured. A minimum of
25 representative points were measured along tigghef each side of the river per site, for a
total of 50 points per site. Velocity data colktion the PHABSIM transects in depths of
approximately 3 feet (0.9 m) or less where the ARGEId not be utilized were also used to
validate the velocities predicted for shallow aredhin the site.

For sites where there was a gradual gradient chiarthe vicinity of the downstream transect,
there could be a point in the thalweg a short wayrdstream of the site that was higher than that
measured at the downstream transect thalweg sidyalyo natural variation in topography
(Figure 4). This stage of zero flow downstreanthef site acts as a control on the water surface
elevations at the downstream transect, and coulslecarrors in the WSELs. Because the true
stage of zero flow is needed to accurately calkbtla¢ water surface elevations on the
downstream transect, this stage of zero flow irthiadveg downstream of the downstream
transect was surveyed in using differential leglitf the true stage of zero flow was not
measured as described above, the default staggmflaw would be the thalweg elevation at the
transect.

Under some flow conditions, water from the YubadRidgiverts just upstream of Daguerre Point
Dam into an adjacent area of land that has underggtensive mining, known as the Goldfields.
This water then returns to the Yuba River at RMb9.Flows for sites located between Daguerre
Point Dam and the location where flows return friw@ Goldfields are equal to the flow at the
Marysville gage minus the flow returning from thel@ields. Accordingly, we measured the
flow coming out of the Goldfields under four diféet flow conditions to use in developing a
relationship between the flow coming out of the @ields and gage flows.
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Figure 4. Stage of zero flow diagram.
Hydraulic Model Construction and Calibration
PHABSIM WSEL Calibration

All data were compiled and checked before entry PIHABSIM files for the upstream and
downstream transects. American Standard Codafomhation Interchange (ASCII) files of
each ADCP traverse were produced using the Playleatire of the Transect progranEach
ASCII file was then imported into RHABSIM Version® to produce the bed elevations,
average water column velocities, and stationst(vel@o the start of the ADCP traverse).
RHABSIM was then used to output a second ASCllddetaining this data. The second ASCII
file was input into an Excel spreadsheet and coetbimith the velocity, depth, and station data
collected in shallow water. Gard and Ballard @08efined a statistic (R) to provide a quality
control check of the velocity measured by the ADXER given station n, where R = WéVel,1

+ Vel,+1)/2 at station 1. R was calculated for each velocity where V¥El,.; and Ve)., were

all greater than 1.00 ft/s (0.305 m/s) for each ADdata set. Based on data collected using a
Price AA velocity meter on the Lower American Rivélte acceptable range of R was set at 0.5-

8 The Transect program is the software used ivecrecord and process data from the
ADCP.

° RHABSIM is a commercially produced software (Pagne Associates 1998) that
incorporates the modeling procedures used in PHNBSI

10 1 - 1 refers to the station immediately beforeistah and n + 1 refers to the station
immediately after station n.
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1.6 (Gard and Ballard 2003). All velocities withvRlues less than 0.5 or greater than 1.6 were
deleted from each ADCP data set. We also deletkxtities where Veglwas less than 1.00 ft/s
(0.305 m/s) and Vgh and Ve, were greater than 2.00 ft/s (0.610 m/s), and wkiefghad one
sign (negative or positive) and Yegland Vel.; had the opposite sign (when the absolute value
of all three velocities were greater than 1.00[@/805 m/s]); these criteria were also based on
the acceptability indicated by the Lower AmericaueR data set. The ADCP traverse for each
transect which had the flow closest to the gaged,fdetermined from U.S. Geological Survey
gage readings, was selected for use in the PHABHEd#8! Flows were calculated for these
ADCP traverses, including the data collected irlshawater.

A table of substrate and cover ranges/values vestenl to determine the substrate and cover for
each verticadf/cell (e.g., if the substrate size class was 2efiés (5-10 cm) on a transect from
station 50 to 70, all of the verticals with statialues between 50 and 70 were given a substrate
coding of 2.4). Dry bed elevation data in fieldetmoks were entered into the spreadsheet to
extend the bed profile up the banks above the Wi&Ehe highest flow to be modeled. An
ASCII file produced from the spreadsheet was ruaugh the FLOMANN program (written by
Andy Hamilton) to get the PHABSIM input file andetin translated into RHABSIM files. A
separate PHABSIM file was constructed for eachystuig. A total of five or six sets of
measured WSELSs were used, all being checked toettsat there was no uphill movement of
water. The slope for each transect was computeelaich WSEL flow as the difference in
WSELSs between the two transects divided by thedcs between the two. The slope used for
each transect was calculated by averaging the slopaputed for each flow. If WSELs were
available for several closely spaced flows, the W8t corresponded with the velocity set or
the WSEL collected at the lowest flow was usechenPHABSIM files. Calibration flows in the
PHABSIM files were the flows calculated from gagadings with the exception of sites located
between Daguerre Point Dam and the location wHevesfreturn from the Goldfields. A
multiple linear regression was conducted to pretietGoldfields flows from gage flows. This
regression was conducted using the four measursmétite flow coming out of the Goldfields
and the gage flows on those days. Calibrationgléw the sites between Daguerre Point Dam
and the location where flows return from the Gallifs were calculated using flows from the
Marysville gage reading minus the flows returnirgi the Goldfields.

The stage of zero flow (SZF), an important paramesed in calibrating the stage-discharge
relationship, was determined for each transecteamered into the PHABSIM file. In habitat
types without backwater effects (e.g., riffles ands), this value generally represents the lowest
point in the streambed across a transect. Howéh\eetransect directly upstream contains a
lower bed elevation than the adjacent downstreanséct, the SZF for the downstream transect
applies to both. In some cases, data collectbétween the transects showed a higher thalweg
elevation than either transect; in these casebigfer thalweg elevation was used as the SZF for

A vertical is each point on a transect.
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the upstream transect. For downstream transebimbimat types with a backwater effect, we
used the Corps hydro-acoustic mapping data dovarstod the study site to determine the SZF
for the downstream transect (the highest poinherthalweg downstream of the study site).

The first step in the calibration procedure waddtermine the best approach for WSEL
simulation. Initially, thd FG4 hydraulic model (Milhougt al., 1989) was run on the PHABSIM
file to compare predicted and measured WSELs. mlodel produces a stage-discharge
relationship using a log-log linear rating curvécodated from at least three sets of
measurements taken at different flows. Besl&€&®, two other hydraulic models are available
in PHABSIM to predict stage-discharge relationshipese models are: MANSQ, which
operates under the assumption that the geometheathannel and the nature of the streambed
control WSELSs; and 2)VSP, the water surface profile model, which calculdtesenergy loss
between transects to determine WSEMANSQ, like IFG4, evaluates each transect
independently WSP must, by nature, link at least two adjacent tratssd FG4, the most

versatile of these models, is considered to haviedowell if the following criteria are met:

1) the beta value (a measure of the change in ehammghness with changes in streamflow) is
between 2.0 and 4.5; 2) the mean error in caladibaesus given discharges is less than 10%;
3) there is no more than a 25% difference for agutated versus given discharge; and 4) there
is no more than a 0.1 foot (0.031 m) differenceveen measured and simulated WSELs
MANSQ is considered to have worked well if the secomdugh fourth of the above criteria are
met, and if the beta value parameter useMBNXSQ is within the range of 0 to 0.5. The first
IFG4 criterion is not applicable tIANSQ. WSP is considered to have worked well if the
following criteria are met: 1) the Manning's nw@lused falls within the range of 0.04 - 0.07; 2)
there is a negative log-log relationship betweenrdach multiplier and flow; and 3) there is no
more than a 0.1 foot (0.031 m) difference betweeasured and simulated WSELs. The first
threelFG4 criteria are not applicable WSP.

Velocity Adjustment Factors (VAFs) were examineddd of the simulated flows as a potential
indicator of an incorrect stage-discharge relatigqms The acceptable range of VAF values is 0.2
to 5.0 and the expected pattern for VAFs is a mamotincrease with an increase in flows.

RIVER2D Modd Construction

After completing the PHABSIM calibration processatoive at the simulation WSELSs that will
be used as inputs to the RIVER2D model, the next istto construct the RIVER2D model using
the collected bed topography data. The data flr@ADCP traverses made to characterize the
bed topography of the sites between the transectagut to the 2-D model were processed for
input into an Excel spreadsheet in the same matesaribed above for the ADCP data on the

12 The first three criteria are from U.S. Fish and #ié Service (1994), while the fourth
criterion is our own.
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transects. We applied the same quality criterideovelocities from these ADCP traverses as
described above for the velocity data collectedhentransects, with the velocities not meeting
the quality control criteria deleted from each AD@&a set.

The bed elevation of each point along the ADCPerse was calculated as the difference
between the WSEL shot at the location of the tisevand the depth at each point. The distance
along each ADCP traverse, in concert with initiadl dinal horizontal locations, was used to
compute the horizontal location of each point altrgtraverse. The station along each
PHABSIM transect, in concert with the horizontatdtions of the headpins and tailpins of the
transects, was used to compute the horizontalitotat each vertical of the PHABSIM
transects. Substrate and cover were assigneaopeant along each ADCP traverse in the
same manner as described above for the transects.

The data from the ADCP traverses were combinedaeEwith the total station data and the
PHABSIM transect data to create the input filegl(had substrate) for the 2-D modeling
program. We also incorporated bed topography datacted for the Yuba River by the Corps
using hydroacoustic mapping and photogrammetrye ddcturacy of the hydroacoustic data was
1 foot (0.3 m) horizontal and 0.1 foot (0.031 mitial, whereas the accuracy of the
photogrammetry data was 3 feet (0.9 m) horizomdl =foot (0.3 m) vertical (Scott Stonestreet,
Corps, personal communication). We used the ralwdacoustic data and the 2-foot (0.6 m)
contour photogrammetry data to develop the bedg@mhy upstream of the study sites and
improve the accuracy of the flow distribution at thpstream end of the sites. Using this data,
we extended the bed topography at least one aalt alannel widths upstream of the upstream
transect. For sites where there was a split chathewer flows at the downstream transect, we
also extended the bed topography downstream afdivastream transect approximately five
channel widths. The Corps data were used to dp\tbbed topography in the downstream
extension. The bed files contain the horizonteatmn (northing and easting), bed elevation,
and initial bed roughness value for each point,r@&e the substrate files contain the horizontal
location, bed elevation, and the substrate for @aaht. The initial bed roughness value for each
point was determined from the substrate and covée< for that point and the corresponding bed
roughness values in Table 6, with the bed roughvas® computed as the sum of the substrate
bed roughness value and the cover bed roughnass. veihe bed roughness values for substrate
in Table 6 were computed as five times the avepaggcle siz&®. The bed roughness values for
cover in Table 6 were computed as five times theraye cover size, where the cover size was
measured on the Sacramento River on a represensample of cover elements of each cover-
type. The bed and substrate files were exportad tExcel as ASCII files.

13 Five times the average particle size is approtéigahe same as 2 to 3 times the d85
particle size, which is recommended as an estigfdted roughness height (Yalin 1977).
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Table 6. Initial bed roughness values.

Substrate Code Bed Roughness (m) Cover Code Bed Roughness (m)

0.1 0.05 0.1 0

1 0.1 1 0

1.2 0.2 2 0
1.3 0.25 3 0.11
2.3 0.3 3.7 0.2
2.4 0.4 4 0.62
3.4 0.45 4.7 0.96
3.5 0.5 5 1.93
4.6 0.65 5.7 2.59
6.8 0.9 7 0.28
8 1.25 8 2.97
9 0.05, 0.71, 1.95 9 0.29
10 14 9.7 0.57
10 3.05

A utility program, R2D_BED (Steffler 2002), was ds® define the study area boundary and to
refine the raw topographical data triangulatedginter network (TIN) by defining breaklings
going up the channel along features such as thalweps of bars and bottoms of banks.
Breaklines were also added along lines of congigvation.

1 For substrate code 9, we used bed roughnesseglodfd 1.95, respectively, for cover
codes 1 and 2, and a bed roughness of 0.05 fottedl cover codes. Bed roughnesses of zero
were used for cover codes 1 and 2 for all othestsate codes, since the roughness associated
with the cover was included in the substrate roegkn

1>Breaklines are a feature of the R2D_Bed progranthfarces the TIN of the bed
nodes to linearly interpolate bed elevation andrhoeghness values between the nodes on each
breakline and force the TIN to fall on the brea&br(Steffler 2002).
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An additional utility program, R2D_MESH (Waddle a8teffler 2002), was used to define the
inflow and outflow boundaries and create the fieiement computational mesh for the
RIVER2D model. R2D_MESH uses the final bed fileaasnput. The first stage in creating the
computational mesh was to define mesh breaKfiveisich coincided with the final bed file
breaklines. Additional mesh breaklines were thdated between the initial mesh breaklines, and
then additional nodes were added as needed to vapine fit between the mesh and the final
bed file and to improve the quality of the meshmesmsured by the Quality Index (QI) value. An
ideal mesh (all equilateral triangles) would hav@laf 1.0. A QI value of at least 0.2 is
considered acceptable (Waddle and Steffler 200Bg QI is a measure of how much the least
equilateral mesh element deviates from an equabteangle. The final step with the
R2D_MESH software was to generate the computatideal

RIVER2D Mode Calibration

Once a RIVER2D model has been constructed, calilorad then required to determine that the
model is reliably simulating the flow-WSEL relatsinp that was determined through the
PHABSIM calibration process using the measured WsSELhe computational files were
opened in the RIVER2D software, where the compuotali bed topography mesh was used
together with the WSEL at the bottom of the site, flow entering the site, and the bed
roughnesses of the computational mesh elementstpwte the depths, velocities and WSELSs
throughout the site. The basis for the currentfof RIVER2D is given in Ghanem et al.
(1995). The computational mesh was run to stetedg at the highest flow to be simulated, and
the WSELs predicted by RIVER2D at the upstreamaddrttie site were compared to the WSELs
predicted by PHABSIM at the upstream transect.ib€ation was considered to have been
achieved when the WSELSs predicted by RIVER2D autstream transect were within 0.1 foot
(0.031 m) of the WSEL predicted by PHABSIM. Inesasvhere the simulated WSELSs at the
highest simulation flow varied across the changahbre than 0.1 foot (0.031 m), we used the
highest measured flow within the range of simuldleds for RIVER2D calibration. The bed
roughnesses of the computational mesh elementsthemanodified by multiplying them by a
constant bed roughness multiplier (BR Mult) urtié WSELSs predicted by RIVER2D at the
upstream end of the site matched the WSELSs pretligtd®HABSIM at the top transect. The
minimum groundwater depth was adjusted to a valie(b to increase the stability of the
model. The values of all other RIVER2D hydraulargameters were left at their default values
(upwinding coefficient = 0.5, groundwater transmigg = 0.1, groundwater storativity = 1, and
eddy viscosity parametetg= 0.01,5, = 0.5 anckz = 0.1).

16 Mesh breaklines are a feature of the R2D_MESH naragvhich forces edges of the
computation mesh elements to fall on the mesh breskand force the TIN of the
computational mesh to linearly interpolate the bledation and bed roughness values of mesh
nodes between the nodes at the end of each breadgment (Waddle and Steffler 2002). A
better fit between the bed and mesh TINs is acki®yehaving the mesh and bed breaklines
coincide.
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An additional step was needed for sites with a dsiregam extension to develop a relationship
between the WSEL at the downstream boundary and/®EL predicted by PHABSIM at the
downstream transect for the simulation flows. $uxch sites, we tried different WSELSs for the
downstream boundary at the highest simulation floai we found a WSEL for the downstream
boundary that resulted in a WSEL predicted by RIZBERat the downstream transect which
matched the WSEL predicted by PHABSIM for the dotneesm transect. The same process was
repeated at the lowest simulation flow and an mestiate simulation flow, with the WSEL
predicted by RIVER2D at the downstream transectgaoed to the WSEL predicted by
PHABSIM at the downstream transect for these twwél. We then developed a linear
relationship between flow and the difference betwihe WSEL specified at the downstream
boundary and the WSEL at the downstream transsicty the data from these three flows. This
relationship was then used to determine what ttractofrom the WSEL predicted by PHABSIM
at the downstream transect for each simulation flogenerate the WSEL to be used for the
downstream boundary for each simulation flow.

A stable solution will generally have a solutioranhe (SolA) of less than 0.00001 and a net
flow (Net Q) of less than 1% (Steffler and Blackib@002). In addition, solutions for low
gradient streams should usually have a maximumdedlumber (Max F) of less than dhe
Finally, the WSEL predicted by the 2-D model shdogdwithin 0.1 foot (0.031 m) of the WSEL
measured at the upstream transécts

RIVER2D Modd Velocity Validation

Velocity validation is the final step in the preaton of the hydraulic models for use in habitat
simulation. Velocities predicted by RIVER2D wegpared with measured velocities to
determine the accuracy of the model's predictidmsean water column velocities. The
measured velocities used were those measured apsfream and downstream transects, the
velocities measured during collection of the deeg topography with the ADCP, and the 50
measurements taken between the transects. Theamitised to determine whether the model
was validated was whether the correlation betweeasured and simulated velocities was
greater than 0.6. A correlation of 0.5 to 1.0assidered to have a large effect (Cohen 1992).
The model would not be validated if the simulatetbeities deviated from the measured
velocities to the extent that the correlation betweneasured and simulated velocities fell below
0.6.

Y This criterion is based on the assumption that flolow gradient streams is usually
subcritical, where the Froude number is less thman(Beter Steffler, personal communication).

18 We have selected this standard because it imdasthused for PHABSIM (U. S. Fish
and Wildlife Service 2000).
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RIVER2D Mode Simulation Flow Runs

After the RIVER2D model was calibrated, the flondatownstream WSEL in the calibrated cdg
file were changed to simulate the hydraulics ofdite at the simulation flows. The data file for
each flow contained the WSEL predicted by PHABSINha downstream transect at that flow,
or for sites with a downstream extension, the W$&klthe downstream boundary developed
during the calibration process. Each cdg file wasin RIVER2D to steady state. Again, a
stable solution will generally have a Qobf less than 0.00001 and a Net Q of less than [126.
addition, solutions should usually have a Max kee$ than one.

Habitat Quitability Criteria (HSC) Data Collection

Habitat suitability criteria (HSC) are used wittdfD habitat modeling to translate hydraulic and
structural elements of rivers into indices (HSIshabitat quality (Bovee 1986). HSC refer to
the overall functional relationships that are usedonvert depth, velocity and substrate
suitability into habitat quality (HSI). HSI refets the independent variable in the HSC
relationships. The primary habitat variables wrach used to assess physical habitat suitability
for spawning Chinook salmon and steelhead/rainbout are water depth, velocity, and
substrate composition. One HSC set for spring&hbimook salmon, one HSC set for fall-run
Chinook salmon and one HSC set for steelhead/raintmut were used in this study. The
spring-run Chinook salmon criteria were based da de collected on spring-run Chinook
salmon redds in the Yuba River in 2002, fall-runr@ok salmon criteria on data we collected
on fall-run Chinook salmon redds in the Yuba Rime2001, 2002, and 2003, and
steelhead/rainbow trout criteria on data we codléan steelhead/rainbow trout redds in the
Yuba River in 2002, 2003, and 2004. All habitaiadaere entered into spreadsheets for analysis
and development of Suitability Indices (HSC). Wtempted to locate spring and fall-run
Chinook salmon and steelhead/rainbow trout reddhatlow and deep water. We searched for
shallow redds on foot and by boat. For both rat&€3hinook salmon and steelhead/rainbow
trout, all of the active redds (those not coverétth weriphyton growth) within a given
mesohabitat unit were measured. The location aftmealds (both in shallow and deep water)
was recorded with a GPS unit, so that we couldrerthat redds were not measured tiice

The horizontal location of shallow redds in ourdstsites was recorded using a total station and
prism during some surveys to validate the modedscstermine unoccupied locations for
developing HSC.

19 We concluded that redds had been measured twadieoif the following criteria were
met: 1) the distance between the redds was lesslthéeet (4.0 m); 2) the depths differed by
less than 0.3 foot (0.09 m); 3) the velocitiesatidd by less than 0.5 ft/s (0.15 m/s); and 4) the
substrate was the same.
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Data for shallow redds were collected from an adjacent to the redd which was judged to
have a similar depth and velocity as was presethteatedd location prior to redd construction
(Gard 1998). Depth was recorded to the nearegb0t]0.031 m) and average water column
velocity was recorded to the nearest 0.01 ft/sO®10/s). Measurements were taken with a
wading rod and a Marsh-McBirn2ynodel 2000 velocity meter or a Price-AA velocitgter
equipped with a current meter digitizer. Substveds visually assessed for the dominant particle
size range (i.e., range of 1-2 inches [2.5-5 crhihiee locations: 1) in front of the pit; 2) oreth
sides of the pit; and 3) in the tailspill. The strate coding system used is shown in Table 3.

Location of redds in deep water was accomplisheblday, from the surface visually and using
underwater video equipment. The underwater vidgopenent consists of two cameras mounted
on a 75 pound (34 kg) bomb at angles of 45 andeg@Pes. The main feature used to identify
redds was the clean substrate present in the cedthared with the algal-covered substrate
surrounding the redd. The camera mounted at &dfed angle was used to look for
topographic features (such as the rise of thepiflits the depression at the pit), while the
camera mounted at 90 degrees was used to lookfflerethces in algal growth on the substrate
and the cut at the head of the pit. The 75 (34pkgind bomb is raised and lowered from the boat
using a winch. Two monitors on the boat providetkews from the cameras. A calibreted

grid on the 90 degree camera monitor is used tesunedhe substrate. When searching for redds
in deep water using underwater video, a seriesu@liel traverses spaced approximately 50 feet
(15 m) apart in an upstream direction were madkRiwe mesohabitat unit with the boat. After
locating a redd in deep water, substrate size wessared using underwater video directly over
the redds. Depth and water velocity were measovedthe redds with the ADCP. The average
water column velocity was calculated for each AD&Bemble and then the average of these for
all of the ensembles was calculated to arrive etthter column velocity for the redd. The depth
for each redd was computed as the average of fitesiéor all of the ensembles. Additional
information on the deep redd measurement techniguggen in Gard and Ballard (2003).

For steelhead/rainbow trout, we also measured tt#nand length of each shallow redd; such
data could not be collected for deep redds. Basathta collected by CDFG on fall-run chinook
salmon and steelhead redds in the Lower AmericaarRive have developed the following
criteria to distinguish steelhead/rainbow troutdeffom chinook salmon redds:
Steelhead/rainbow trout redds have a length less 3l feet (1.55 m) and a width less than 4.5
feet (1.37 m), whereas Chinook salmon redds hdeegth greater than 5.1 feet (1.55 m) or a
width greater than 4.5 feet (1.37 m). These cateorrectly classified 96% of 129 Chinook
salmon redds and 53% of 28 steelhead redds fromaiver American River. We used these

20 The grid was calibrated so that, when the cameradrwas 1 foot (0.3 m) off the

bottom, the smallest grid corresponded to a 2-(Batm) substrate, the next largest grid
corresponded to a 4-inch (10 cm) substrate, etc.
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criteria for redds measured prior to April. We siéied all redds measured in April as
steelhead/rainbow trout redds, because April ex difte end of late-fall-run chinook salmon
spawning season.

Biological Verification Data Collection

Biological verification data were collected to tds hypothesis that the compound suitability
predicted by the RIVER2D model is higher at locasiovhere redds were present versus
locations where redds were absent. The compoutabgity is the product of the depth
suitability, the velocity suitability, and the stitzge suitability. The collected biological
verification data were the horizontal locationsedds. Depth, velocity, and substrate size as
described in the previous section on habitat silifyabriteria data collection were also
measured. The hypothesis that the compound slitygiredicted by the RIVER2D model is
higher at locations where redds were present véosations where redds were absent was
statistically tested with a one-tailed Mann-Whitigyest (Gard 2006, Gard 2009, McHugh and
Budy 2004).

The horizontal locations of spring-run Chinook satmmedds found during surveys on September
23-26, 2002 in six study sites was recorded bytsighrom the total station to a stadia rod and
prism. The horizontal location of the fall-run Chok salmon redds found during surveys on
November 4-6, 2002 and November 18-21, 2002 inteiyldly sites was recorded by sighting
from the total station to a stadia rod and prisihe horizontal location of steelhead/rainbow
trout redds found during surveys on April 8-10, 200 six study sites was recorded by sighting
from the total station to a stadia rod and prisnsfmllow redds and using GPS for deep water
steelhead/rainbow trout redds. GPS was not use@gdording the horizontal location of the
spring and fall-run Chinook salmon redds for biabad) verification purposes since none of the
redds located within the study sites were foundaap water.

Habitat Quitability Criteria (HSC) Devel opment

Substrate criteria were developed by: 1) detemgitine number of redds with each substrate
code (Table 3); 2) calculating the proportion afde with each substrate code (humber of redds
with each substrate code divided by total numbeeddfls); and 3) calculating the HSI value for
each substrate code by dividing the proportioredfis in that substrate code by the proportion of
redds with the most frequent substrate code.

The collected redd depth and velocity data mugirbeessed through a series of steps to arrive at
the HSC that will be used in the RIVER2D model tedict habitat suitability. Using the spring-
run Chinook salmon spawning HSC data collected®22 fall-run Chinook salmon spawning
HSC data collected in 2001-2003, and steelheadoarrirout spawning HSC data that were
collected in 2002-2004, we applied a logistic regren method presented in Guay et al. (2000)

to explicitly take into account habitat availalyilin developing HSC criteria, without using
preference ratios (use divided by availability)it€ia are developed by using a logistic
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regression procedure, with presence or absenasdéras the dependent variable and depth and
velocity as the independent variables, with allhaf data (in both occupied and unoccupied
locations) used in the regression.

Velocity and depth data were obtained for locatiwithin each site where redds were not found
(unoccupied). These data were obtained by runaiingal RIVER2D cdg file for each site

where the location of extant redds were recorde@tustotal station and the depth and velocity
data were collected. The flows for these filesenbie average flows: (1) from September 1
through the date of data collection for spring-@minook salmon; (2) from October 1 through
the date of data collection for fall-run Chinooknsan; and (3) for the month preceding the date
of data collection for steelhead/rainbow trout.teifrunning the final RIVER2D models for each
study site, velocity and depth data at each notl@mihe file were then downloaded. Using a
random number generator, 300 points were selebtgchad the following characteristics: 1)
were inundated; 2) were more than three feet (Q.8am any other point that was selected; and
3) were located between the upstream and downstraasects of the site. We then selected the
first 200 of these points from each site which waigre than three feet (0.9 m) from a redd
location.

We then used a polynomial logistic regression (SX52002), with dependent variable
frequency (with a value of 1 for occupied locati@amsl O for unoccupied locations) and
independent variable depth or velocity, to develepth and velocity HSI. The logistic
regression fits the data to the following expressio

Exp (I+J*V+K*# L*V3+M* VY
Frequency =  ----mmmmmmmmmmmmo oo :
1+Exp(I+J3*V+K¥+L*V3i+M*VvH

where Exp is the exponential function; I, J, Kabd M are coefficients calculated by the logistic
regression; and V is velocity or depth. The lagistgressions were conducted in a sequential
fashion, where the first regression tried includéaf the terms. If any of the coefficients oeth
constant were not statistically significant at p.85, the associated terms were dropped from the
regression equation, and the regression was repedtes results of the regression equations
were rescaled so that the highest value was 1h@.rdsulting HSC were modified by truncating
at the slowest/shallowest and deepest/fastest sadbat the next shallower depth or slower
velocity value below the shallowest observed deptthe slowest observed velocity had a Sl
value of zero, and so that the next larger depfasier velocity value above the deepest
observed depth or the fastest observed velocityahadl value of zero.

For steelhead/rainbow trout, we originally develbpige criteria using all of the
steelhead/rainbow trout redd observations (occugiégd) and unoccupied data from all sites in
which we found steelhead/rainbow trout redds. 8gbently, we performed a sensitivity
analysis calculating criteria using only occupied anoccupied data collected upstream of
Highway 20 (Appendix M). Since the sensitivity fsés indicated that the criteria calculated
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using only occupied and unoccupied data collecpstraam of Highway 20 outperformed the
criteria using all occupied and unoccupied datas&lected the criteria calculated using only
occupied and unoccupied data collected upstreatigbiway 20 to use in this report.

A technique to adjust depth habitat utilizationvas for spawning to account for low availability
of deep waters with suitable velocity and subst{@@rd 1998) was applied to the spring-run and
fall-run Chinook salmon HSC data. The techniquan®ewith the construction of multiple sets

of HSC, differing only in the suitabilities assightor optimum depth increments, to determine
how the available river area with suitable vel@stand substrates varies with depth. Ranges of
suitable velocities and substrates are determiroed the velocity and substrate HSC curves,
with suitable velocities and substrates definethase with HSC values greater than 0.5. A
range of depths is selected, starting at the daparich the initial depth HSC reached 1.0,
through the greatest depth at which there weresreddvailable habitat. A series of HSC sets
are constructed where: (1) all of the sets hagesime velocity and substrate HSC curves, with
values of 1.0 for the suitable velocity and sultstrange with all other velocities and substrates
assigned a value of 0.0; and (2) each set hasematdif depth HSC curve. To develop the depth
HSC curves, each HSC set is assigned a differdfatdea depth increment within the selected
depth range to have an HSC value of 1.0, and tier dialf-foot depth increments and depths
outside of the depth range a value of 0.0 (e.§-2247 foot [0.61-0.75 m] depth HSC value
equal 1.0, < 2.0 feet [0.61 m] and >2.47 feet [0]3lepths HSC value equals 0.0 for a depth
increment of 2.0-2.47 feet [0.61-0.75 m]). Eachd+#®t is used in RIVER2D with the calibrated
RIVER2D file for each study site at which HSC da#re collected for that run. The resulting
habitat output is used to determine the availakbr area with suitable velocities and substrates
for all half-foot depth increments.

To modify the spring and fall-run Chinook salmon@®&epth curve to account for the low
availability of deep water having suitable velagstiand substrates, a sequence of linear
regressions (Gard 1998) was used to determinesthtvie rate of decline of use versus
availability with increasing depth. We defined habuse by spawning spring and fall-run
Chinook salmon as the number of redds observeddh depth increment. For spring-run
Chinook salmon, availability data were determinsohg the output of the calibrated hydraulic
files for the six spawning habitat modeling sitesvaich HSC data were collected, whereas redd
data from these six sites were used to assesdasdall-run Chinook salmon, availability data
were determined using the output of the calibratgttaulic files for the eight spawning habitat
modeling sites where HSC data were collected ir220@ four of these sites where HSC data
were collected in 2001, whereas redd data fronetkéeght sites in 2002 and four sites in 2001
were used to assess use. Availability and usa@malized by computing relative availability
and use, so that both measures would have a maxiralua of 1.0. Relative availability and
use are calculated by dividing the availability arseé for each depth increment by the largest
value of availability or use. To produce lineadzalues of relative availability and use at the
midpoints of the depth increments (i.e., 2.25 888 m] for a 2.0-2.47 foot [0.61-0.75 m] depth
increment), we used linear regressions of relauaglability and use versus the midpoints of the
depth increments. Linearized use is divided bydized availability for the range of depths
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where the regression equations predict positiaivel use and availability. The resulting use-
availability ratio is standardized so that the maxim ratio is 1.0. To determine the depth at
which the depth HSC would reach zero (the deptihhath the scaled ratios reach zero), we used
a linear regression with the scaled ratios verseasrtidpoint of the depth increments.

Biological Verification

We computed the combined habitat suitability presgidy RIVER2D at each redd location in

the six sites where spring-run Chinook salmon réddastions were recorded with total station
and prism. We also did the same for the eightyssiteés where fall-run Chinook salmon redds
locations were recorded and the six study sitegevbiteelhead/rainbow trout redds locations
were recorded. We ran the RIVER2D cdg files ataveraged flows for the period from the start
of the spawning season up to the date of redditotdata collection for spring and fall-run
Chinook salmon (spring-run Chinook Salmon: Septambe 26, 2002; fall-run Chinook

salmon: October 1 — November 21, 2002) and fonbath preceding the date of redd location
data collection for steelhead/rainbow trout (Ma®eApril 8, 2003) as described previously in the
Habitat Suitability Criteria Development sectiondetermine the combined habitat suitability at
individual points for RIVER2D. We used the horitalnocation measured for each redd to
determine the location of each redd in the RIVERZBs. We used a random number generator
to select locations without redds in each sitecdtions were eliminated that: 1) were less than 3
feet (0.9 m) from a previously-selected locationw2re less than 3 feet (0.9 m) from a redd
location; 3) were located in the unwetted parthef $ite; and 4) were located outside of the site
(upstream of the upstream transect or downstreahealownstream transect). We used one-
tailed Mann-Whitney U tests (Zar 1984) to determirieether the combined suitability predicted
by RIVER2D was higher at redd locations versustioca where redds were absent.

Habitat Smulation

The final step was to simulate available habitaefich site. Preference curve files were created
containing the digitized HSC developed for the Y&waer spring and fall-run Chinook salmon
and steelhead/rainbow trout. RIVER2D was used thi¢hfinal cdg production files, the
substrate files and the preference curve fileotopute WUA for each site over the desired
range of 30 flows for all 10 sites. The WUA valdesthe sites in each segment were added
together and multiplied by the ratio of total reddsinted in the segment to number of redds in
the modeling sites for that segment to producedted WUA per reach. For spring-run Chinook
salmon, we used the fall-run Chinook salmon muéiglbecause we did not do a synoptic
survey to count spring-run Chinook salmon reddsénentire river. The fall-run Chinook
salmon multipliers were calculated using redd cetidm 2001. The steelhead/rainbow trout
multipliers were calculated using redd counts fi2002-2004.
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Evaluation of Polygon Substrate Data Collection Methods

In an effort to more accurately characterize thaiapdistribution of substrates within our study
sites, we tested out a polygon method of delingatie substrates for Highway 20 and Upper
Daguerre study sites, in addition to the standaeshgect) method described previously in the
Hydraulic and Structural Habitat Data Collectionthaels section. Prior to collecting the data
for a study site, we enlarged color photocopiesrtiforectified photos of the study site. A 10
meter grid labeled with northing and easting camaths was printed onto a clear film. We
attached cardboard backing to these photocopieplandd the clear film over the photocopies.
Polygons delineating the dominant substrate cheniatits for the study site were then drawn
onto the photocopy. The grid was used togethdr viGPS receiver to determine the placement
of the polygons on the photocopy. GPS waypointewecorded for the corner locations of the
polygons. These data were then digitized in GiSguthe aerial photos and GPS waypoints to
define a shape file in GIS of the substrate polggofhe shape file was then mapped onto a grid
of points with a two feet (0.6 m) spacing with gubstrate assigned to each point based on what
polygon it was in. The grid of points was then imtpd into Excel to produce the polygon
RIVER2D substrate input files for these two sites.

Biological Verification

We compared the biological verification for thea® ssites using study site substrates as
characterized using the polygon method with thasegithe standard method. Mann-Whitney
tests were applied for this comparison. The datéhfe Highway 20 and Upper Daguerre study
sites were combined when doing this biologicalfiGation comparison (Upper Daguerre was
excluded for the steelhead/rainbow trout becausetiteria for this species were not developed
using data from downstream of Highway 20). Secerelcompared the percent of redds where
the substrate was correctly characterized usingohgon method versus the standard method,
for the two study sites. To compare the percentdgedds where the substrate was correctly
characterized by the 2-D model using the standatthod versus the polygon method, we
combined: 1) the spring- and fall-run Chinook satnand steelhead/rainbow trout redd data;
and 2) the data for Highway 20 and Upper Daguetes §in the case of steelhead/rainbow trout,
only data for Highway 20 were used). The data werabined for both sites in the two
comparisons to provide a larger sample size foctimparisons.

Habitat Simulation

For both study sites, we compared the WUA valueegded for each flow using the polygon
substrate input file with those generated usingsthadard substrate input file. When comparing
the WUA values, the data for the two study sitesavkept separate because the WUA for each
site is independent. For steelhead/rainbow treatonly compared WUA values for Highway

20 site.
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RESULTS
Sudy Segment Delineation

Average flows for the period January 1971 to Noven#D00 were 2,476 cfs at the Smartville
gage, 2,601 cfs downstream of Deer Creek conflyehb83 cfs downstream of the Browns
Valley Diversion, 2,285 cfs downstream of Daguétoent Dam (downstream of both Brophy

and Hallwood-Cordua Diversions), and 2,488 cfhatMarysville gage. Bovee (1995)
recommends that the cumulative change in flow withstudy segment be less than 10%.
Therefore, we established one segment between litigdie Dam (river mile 24.1) and Daguerre
Point Dam (river mile 11.4) (Above Daguerre Segmant a second segment between Daguerre
Point Dam and the confluence with the Feather Ravédarysville (river mile 0) (Below

Daguerre Segment) (Figure 3). The two segments e&rblished based on the 12% decrease in
average flows from upstream to downstream of Dagueoint Dam. We did not establish
separate segments upstream and downstream of Desk kased on only a 5% increase in
average flows from the Smartville gage to downsireé Deer Creek confluence. Similarly, we
did not establish separate segments upstream anustteam of Browns Valley Diversion based
on only a 4% increase from the Smartville gageawrtstream of Browns Valley Diversion.
Finally, we did not split the Below Daguerre Segiriato two separate segments because there
was only a 9% increase in flows from below Dagu@went Dam to the Marysville gage. The
Above Daguerre and Below Daguerre Segments encaegbdise portions of the Yuba River
accessible for spring and fall-run Chinook salmod steelhead/rainbow trout spawning.

Field Reconnaissance and Study Ste Selection

Ten study sites were selected for modeling sprimgand fall-run Chinook salmon and
steelhead/rainbow trout habitat (Table 7, Appegix Five sites are located between the
Narrows and Daguerre Point Dam (Above Daguerre gagjnand the remaining five are located
downstream of Daguerre Point Dam between Dagueire Pam and Plantz Road (Below
Daguerre Segment). As described previously, th@sstes are among those which received the
heaviest use by spawning spring-run and fall-rum@k salmon and steelhead/rainbow trout.

Hydraulic and Structural Habitat Data Collection

All sites met the standard for level loops (Table Brrors for the horizontal benchmarks
established by dual frequency survey-grade difteeGPS were in all cases less than 0.02 feet
(0.006 m, Table 9). Water surface elevations weeasured at high (3,049-6,250 cfs), medium
(955-2,483 cfs) and low (403-690 cfs) flows for testudy sites. The number and density of
the points collected for each site is given in €0 and shown in Appendix B.
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Table 7. Sites selected for modeling spring and fall-run Chinook salmon and steelhead/
rainbow trout spawning. Entries with --- reflect that data was not collected for the race
or species in the Below Daguerre segment.

Number of Redds

Site Name Reach 2000 Fall-Run 2001 Fall-Run  Spring-Run ST/RBT
U.C. Sierra Above 76 >100 108 >1
Timbuctoo Above 50 78 25 >8
Highway 20 Above 20 >85 15 >9
Island Above 15 34 30 >1
Hammond Above 40 39 9 0
Upper Daguerre  Below 41 >75
Lower Daguerre Below 29 95
Pyramids Below 36 51
Hallwood Below 16 40
Plantz Below 10 30

Table 8. Level loop error results.

Site Name

Level Loop Distance

Level loop error (ft)

Allowable error

Actual error

U.C. Sierra
Timbuctoo
Highway 20
Island
Hammond
Upper Daguerre

Lower Daguerre
Pyramids

Hallwood
Plantz

0.398 (0.636 km)
1.470 (2.352 km)
0.512 (0.820 km)
0.684 (1.094 km)
0.879 (1.407 km)
0.340 (0.544 km)

0.777 (1.243 km)
0.506 (0.810 km)

0.331 (0.530 km)
0.346 (0.553 km)

0.03 (0.009 m)
0.06 (0.018 m)
0.03 (0.009 m)
0.04 (0.012 m)
0.05 (0.015 m)
0.03 (0.009 m)

0.04 (0.012 m)
0.03 (0.009 m)

0.03 (0.009 m)
0.03 (0.009 m)

0.01 (0.003 m)
0.05 (0.015 m)
0.02 (0.006 m)
0.02 (0.006 m)
0.00 (0.00 m)
0.03 (0.009 m)

0.01 (0.003 m)
0.00 (0.00 m)

0.01 (0.003 m)
0.01 (0.003 m)
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Table 9. Horizontal benchmark error results.

Site benchmark

Coordinate standard deviations (US feet)

Northing

Easting

Elevation

U.C. Sierra HBM1
U.C. Sierra HBM2
Timbuctoo HBM1
Timbuctoo HBM2
Highway 20 HBM1
Highway 20 HBM2
Island HBM2
Island HBM3
Hammond HBM1
Hammond HBM2
Upper Daguerre HBM1

Upper Daguerre HBM?2
Lower Daguerre HBM1
Lower Daguerre HBM3

Pyramids HBM2
Pyramids HBM3
Hallwood HBM1
Hallwood HBM2
Plantz HBM1
Plantz HBM2

0.012 (3.6 mm)
0.012 (3.6 mm)
0.012 (3.6 mm)
0.012 (3.6 mm)
0.011 (3.3 mm)
0.012 (3.6 mm)
0.011 (3.3 mm)
0.011 (3.3 mm)
0.012 (3.6 mm)
0.012 (3.6 mm)
0.012 (3.6 mm)

0.012 (3.6 mm)
0.012 (3.6 mm)
0.012 (3.6 mm)

0.012 (3.6 mm)
0.012 (3.6 mm)
0.011 (3.3 mm)
0.012 (3.6 mm)
0.012 (3.6 mm)
0.012 (3.6 mm)

0.012 (3.6 mm)
0.012 (3.6 mm)
0.012 (3.6 mm)
0.011 (3.3 mm)
0.011 (3.3 mm)
0.011 (3.3 mm)
0.011 (3.3 mm)
0.011 (3.3 mm)
0.012 (3.6 mm)
0.012 (3.6 mm)
0.012 (3.6 mm)

0.011 (3.3 mm)
0.011 (3.3 mm)
0.012 (3.6 mm)

0.011 (3.3 mm)
0.011 (3.3 mm)
0.011 (3.3 mm)
0.011 (3.3 mm)
0.011 (3.3 mm)
0.011 (3.3 mm)

0.019 (5.8 mm)
0.019 (5.8 mm)
0.014 (4.3 mm)
0.012 (3.6 mm)
0.010 (3.0 mm)
0.012 (3.6 mm)
0.010 (3.0 mm)
0.009 (2.7 mm)
0.015 (4.6 mm)
0.017 (5.2 mm)
0.017 (5.2 mm)

0.014 (4.3 mm)
0.014 (4.3 mm)
0.018 (5.5 mm)

0.018 (5.5 mm)
0.015 (4.6 mm)
0.011 (3.3 mm)
0.011 (3.3 mm)
0.013 (4.0 mm)
0.014 (4.3 mm)

Hydraulic Model Construction and Calibration

PHABSIM WSEL Calibration

The gaged flows, determined from USGS gage reatiraye given in Table 11, and the ADCP
traverses selected for use are shown in Tablerh2. Goldfield flows were calculated using the
following regression equation:

21 For the Above Daguerre Segment, we used the suhedfows from the Smartville
(USGS gage number 11418000) and Deer Creek (USGSmganber 11418500) gages. For the
Below Daguerre Segment, we used the Marysville §d§&S gage number 11421000).
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Table 10. Number and density of data points collected for each site. The Army Corps of Engineers supplied us with bed
topography data derived from photogrammetry and hydro-acoustic mapping.

USFWS USFWS USFWS ACE
Site Name Number of Points Between Points Between Number of Density of
Points on Transects Collected with Transects Collected Points Between Points
Transects Total Station with ADCP Transects (points/100 m?)
U.C. Sierra 108 1,608 256 602 4.17
Timbuctoo 89 2,632 731 1,665 2.31
Highway 20 130 1,441 208 623 4.06
Island 103 1,459 478 1,227 2.60
Hammond 106 544 299 411 2.21
Upper 116 361 62 70 1.53
Daguerre
Lower 95 830 224 248 1.75
Daguerre
Pyramids 132 421 165 221 2.23
Hallwood 100 758 213 172 2.78
Plantz 78 540 193 66 3.68
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Table 11. Gage measured calibration flows for the ten study sites (cfs). For sites
downstream of Daguerre Point Dam on 5/6/03, flows were changing during the course
of the day, resulting in different flow values for transects 1 (upper row) and 2 (lower
row).

Date  U.C. Timbuctoo Hwy. Island Hammond Upper Lower Pyramids Hallwood Plantz
Sierra 20 Daguerre Daguerre

3/27/02 2,348 2,348 2,348

3/29/02 2,483 2,483

6/5/02 2,018

6/6/02 2,017

6/7/02 1,280

7/18/02 1,460 1,460 1,460 1,460

8/26/02 665 665 665 678 678

8/27/02 955 955 955 955 955

10/7/02 670 670 670

10/8/02 690 690 403 403 403 413

10/9/02 453

1/14/03 1,710

1/15/03 1,810

1/29/03 3,049 3,049 3,049 3,150 3,150

1/30/03 3,077 3,077 3,077 3,077 3,077

5/5/03 4,437 4,437 4,437

5/6/03 5,273 5,273 5,580 5,872 5,826 6,060 6,180
5,450 5,801 5,756 5,920 6,250

Goldfield Q = 35.5 + 0.13 * Marysville Gage Q —P11* (Smartville Gage Q + Deer Cr Gage Q)

For Upper Daguerre study site, we also had to itatkeaccount the operation/non-operation of
the Hallwood-Cordua Diversion. This diversion bassh screen with a fish return pipe that
enters the river between the Upper Daguerre upsteeal downstream transects. When the
Hallwood-Cordua Diversion is operating, the outfliram this pipe back into the river is
approximately 20 cfs. Consequently, for days wivercollected water surface elevations when
the Hallwood-Cordua Diversion was operating, wetdted an additional 20 cfs to get the
flows for the Upper Daguerre upstream transect.
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Table 12. ADCP files used in PHABSIM files.

Date Site Name Transect File USFWS % Difference from
Number Name  pMeasured Q Gage Measured Q
3/27/02 U. C. Sierra 1 MD1D002 2,345 0.1%
3/27/02 U. C. Sierra 2 MD8A528 2,153 8.3%
3/27/02 Timbuctoo 1 MD4A073 2,494 6%
3/27/02 Timbuctoo 2 MD8A527 1,947 17%
6/6/02 Highway 20 1 MD1D024 1,821 10%
6/6/02 Highway 20 2 MD8A597 1,949 3%
6/5/02 Island 1 MD8A593 2,152 7%
6/5/02 Island 2 MD8A589 2,032 1%
3/27/02 Hammond 1 MD8A517 2,239 0.4%
3/27/02 Hammond 2 MD8A521 2,501 7%
3/29/02  Upper Daguerre 1 MD8A536 2,484 0.4%
3/29/02  Upper Daguerre 2 MD8A533 2,579 4%
3/29/02  Lower Daguerre 1 MD4C302 2,506 0.9%
3/29/02  Lower Daguerre 2 MD8A538 2,493 0.4%
6/7/02 Pyramids 1 MD8A598 1,293 1%
6/7/02 Pyramids 2 MD8AG603 1,077 16%
1/14/03 Hallwood 1 MD4C338 1,915 13%
1/14/03 Hallwood 2 MD4C334 1,710 1%
1/15/03 Plantz 1 MD4C343 1,798 0.7%
1/15/03 Plantz 2 MD4C346 1,794 0.9%

A total of five sets (U.C. Sierra, Timbuctoo, Higam20, Island, Hammond, Pyramids) or six
sets (Upper Daguerre, Lower Daguerre, Hallwoodht2)eof measured WSELs were used in the
WSEL calibration. The SZFs used for each transexgiven in Appendix C, Table 1.
Calibration flows in the PHABSIM files are given Appendix C. For all of the transectEG4
met the criteria described in the methods sectioiHG4 (Appendix C). In the cases of
Highway 20 downstream transect and Hammond, UppguBrre, Lower Daguerre, Hallwood
and Plantz upstream and downstream transects, @dedao simulate low and high flows with
different sets of calibration WSELs (Appendix Cmeet thd FG4 criteria. For the Highway 20
downstream transect and the Hammond Grove downst@ed upstream transects, where we
had measured five sets of WSEILBG4 could be run for the low flows using the three éstv
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calibration WSELSs, and run for high flows using these highest calibration WSELs. ForUpper
Daguerre, Lower Daguerre, Hallwood, and Plantzrepsh and downstream transects, where we
had six sets of WSEL$E-G4 could be run for the low flows using the four Istealibration
WSELSs, and run for the high flows using the threghést calibration WSELSs.

None of the transects deviated significantly fréra ¢xpected pattern of VAFs (Appendix D). In
addition, VAF values (ranging from 0.15 to 2.04)revevithin an acceptable range of 0.2 to 5.0,
with two minor exceptions. The VAFs for the lowestulation flow of 150 cfs for Upper
Daguerre and Hallwood downstream transects wegdhd 0.15, respectively.

RIVER2D Modd Construction

For the Pyramid site, we extended the bed topogrdptvnstream of the downstream transect
approximately five channel widths. We did thiscgrihere was a split channel at lower flows at
the downstream transect of Pyramids site. Thetdggagraphy of the study sites is shown in
Appendix E. As shown in Appendix F, the meshesfosites had QI values of at least 0.30, so all
met the acceptability criterion of 0.2 or great€he percentage of the original bed nodes for which
the meshes differed by less than 0.1 foot (0.03Iromp the elevation of the original bed nodes
ranged from 75% to 92% (Appendix F). The averagehmmesolution was 0.2 nodeé/riThe total
number of nodes per segment was 82,803 for the &Baguerre Segment and 47,093 nodes for the
Below Daguerre Segment.

RIVER2D Model Calibration

Calibration was conducted at the highest simulaflimm, 4,500 cfs (127.4 ffs), for U.C. Sierra,
Timbuctoo, Highway 20, Island and Pyramids sitiesthe cases of Hammond, Upper Daguerre,
Lower Daguerre, Hallwood, and Plantz sites, we tiedighest measured flow within the range
of simulated flows because the simulated WSELBahtghest simulation flow of 4,500 cfs
varied across the channel by more than 0.1 fo68(0m), thus resulting in the RIVER2D
simulated WSELSs differing from the PHABSIM simuldté/SELs by more than 0.1 foot (0.031
m). For Pyramids site, the downstream boundary W&Hibration was conducted at flows of
150, 1,500 cfs and 4,500 cfs. The calibrated ddg &ll had a solution change of less than
0.000001, with the net Q for all sites less than(Apendix F), thus these criteria indicating a
stable solution were met. The calibrated cdgffiteall study sites, with the exception of Upper
Daguerre, Lower Daguerre, Pyramids, and Hallwoad, &amaximum Froude Number greater
than 1 (Appendix F).

Six of the 10 study sites had calibrated cdg fikegkin 0.1 foot (0.031 m) of the PHABSIM or
measured WSELSs (for those sites using the WSELhihighest measured flow within the
range of simulation flows). Island, Hammond, Uppaguerre, and Plantz had maximum
WSEL values that exceeded the 0.1 foot (0.031 ermn but all had average WSELSs that were
well within that criterion value (Appendix F). TiRyramids downstream transect also had a
maximum WSEL value that exceeded the 0.1 foot (D@3 criterion.
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RIVER2D Model Velocity Validation

Although there was a moderately strong to veryngjroorrelation between predicted and
measured velocities (Appendix G), there were sigaiiit differences between individual
measured and predicted velocities. The modelalfsites were validated, and thus no models
were in question, since the correlation betweerptbdicted and measured velocities was greater
than 0.6 for all sites. In general, the simulaad measured cross-channel velocity profiles at
the upstream and downstream transects (Appendpw@re relatively similar in shape.

Unless noted as follows, the simulated velocitadlie ten sites were relatively similar to the
measured velocities for the transects and deep\D&P traverses, with some differences in
magnitude that fall within the amount of variatiornthe ADCP velocity measurements. Please
note that for each study site in Appendix G, belbe/figures showing the velocity profiles for
each transect, there is a figure that displaysategtions of the transects and deep bed traverses.
RIVER2D over or under-predicted the velocities ore @r both sides of the channel for the
following deep beds: U.C. Sierra Deep Beds A-Rpfiuictoo Deep Beds B, E-H, T, V, Z, AA,
AG, AK, and AM; Highway 20 Deep Beds C, D, F, andsland Deep Beds H, I, K, L, P, S, and
T; Hammond Deep Beds E, G, H, I, and O; Upper Dagueeep Beds E, F, G, H, and I; Lower
Daguerre Deep Beds C and K; Pyramids Deep BedgEaHkallwood Deep Beds J, K, M, and
N; and Plantz Deep Beds A, C, E, F, |, J, and Kpéndix G). RIVER2D over-predicted the
simulated velocities for the Timbuctoo downstrea81) transect and upstream (XS2) on the
east side of the channel. For Island downstreanséct, RIVER2D under-predicted the
velocities toward the south side of the channel over-predicted the velocities on the far south
side of the channel and the north side of the ablarifor the Island and the Pyramids upstream
transects (XS2), RIVER2D for a short distance mittiddle of the channel over-predicted and
then under-predicted velocities. For Island Deed$B-D, and N, O, and R, RIVER2D under-
predicted the velocities across most of the chan®dVER2D over-predicted the simulated
velocities for the Hammond Deep Beds A, B and sEmost of the channel. The simulated
velocities were also over-predicted for Upper Dagri®eep Beds C and for Lower Daguerre
Deep Beds A and M. RIVER2D also over-predicteddineulated velocities for the Pyramids
Deep Beds A-C.

RIVER2D Mode Simulation Flow Runs

Example hydraulic model output is given in AppenHix The simulation flows were 400 cfs to
2,100 cfs by 100 cfs increments and 2,100 cfs§6Qicfs by 200 cfs increments for the study
sites in the Above Daguerre Segment and 150 @&s11a0 cfs by 100 cfs increments, 2,100 cfs to
2,900 cfs by 200 cfs increments and 2,900 cfs§6Qicfs by 400 cfs increments for the study

?2\/elocities were plotted versus easting for trarséwt were oriented primarily east-
west, while velocities were plotted versus northimgtransects that were primarily north-south.
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sites in the Below Daguerre Segment. The lowestilsited flow for the Above Daguerre
Segment was 40% of the lowest measured flow. dWwedt simulated flow for the Below
Daguerre Segment was the lowest specified flovaénuba River Accord.

The production cdg files all had a solution chaafjess than 0.00001, but the net Q was greater
than 1% for 12 flows for Timbuctoo, 3 flows fordsid, 5 flows for Upper Daguerre, 1 flow for
Lower Daguerre, the 9 lowest flows for Pyramidg] arflow for Plantz (Appendix I). The
maximum Froude Number was greater than one fafahe simulated flows for U.C. Sierra,
Timbuctoo, Island, and Hammond, 28 of the 30 sitealdlows for Highway 20, 3 of the
simulated flows for Upper Daguerre, 24 of the 3@dated flows for Lower Daguerre, 26 of the
30 simulated flows for Pyramids, 19 of the 30 siated! flows for Hallwood, and 12 of the 30
simulated flows for Plantz (Appendix I).

Habitat Quitability Criteria (HSC) Data Collection

The location of depth and velocity measurementsgeagrally about 2 to 4 feet (0.6 to 1.2 m)
upstream of the pit of the redd; however it was etiimes necessary to make measurements at a
45 degree angle upstream, or to the side. Thewda®malmost always collected within 8 feet

(2.4 m) of the pit of the redd. Twenty two percehspring-run redds, 16 percent of fall-run
redds and 11 percent of steelhead/rainbow troutsrédd fish on the redds, increasing the
likelihood for these redds that the depths andoreés present during redd construction were
similar to those present when the HSC data weteatet.

Depth, velocity and substrate data were colleateé ftotal of 168 spring-run Chinook salmon
redds in the Yuba River on September 16-17, 2002Saptember 23-26, 2002. Based on our
redd surveys, a majority of the redds were consttuafter the September 16-17, 2002 survey,
when only 22 redds were measured, despite intessimeys on both days. The redds were all
located in the Above Daguerre Segment from rivde i21.9 to Hammond study site, with the
exception of four redds that were measured in thedd Daguerre study site on September 24,
2002. Flows from the start of spring-run Chinoakison spawning (September 1, 2002) through
the end of HSI data collection (Table 13) are showRigure 5. Depth, velocity and substrate
data were collected for a total of 870 fall-run @ok salmon redds in the Yuba River on
November 13-16 and 19, 2001; November 4-6 and Nbeerh8-21, 2002; and November 18-
20, 2003. For the 870 redds measured during tfeaBperiod, 430 redds were located in the
Above Daguerre Segment and 438 redds were locatidx iBelow Daguerre Segment. Flows
from the start of fall-run Chinook salmon spawn{@gtober 1) through the end of HSI data
collection (Table 13) are shown in Figures 6-7. Mend that a sample of 73 out of 213 fall-run
Chinook salmon redds in 2002 (or 34%) were supaysad. Superimposition was noted for
spring-run Chinook salmon and steelhead/rainbout that was not rigorously quantified.

Depth, velocity and substrate data were colleatec ftotal of 184 steelhead/rainbow trout on
February 5-6 and 26, 2002; April 9, 11, and 23,2®Jpril 8-10, 2003; and April 5-8, 2004.
Only four steelhead/rainbow trout redds were lotahkaring the surveys (on April 10, 2003) in
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Table 13. Average flows prior to HSI data collection.

Dates Reach

Sep 1-5, 2002
Sep 6-26, 2002
Sep 1-22, 2002

Species/race Flows (cfs)

741 cfs (x 3%)
624 cfs (x 3%)

Above Daguerre
Above Daguerre
Below Daguerre

spring-run Chinook salmon
spring-run Chinook salmon
spring-run Chinook salmon

Oct 1 - Nov 19, 2001
Oct 1 - Nov 19, 2001
Oct 1 - Nov 21, 2002
Oct 1 - Nov 21, 2002
Oct 1 - Nov 20, 2003
Oct 1 - Nov 20, 2003
Jan 8-Feb 6, 2002

Above Daguerre
Below Daguerre
Above Daguerre
Below Daguerre
Above Daguerre
Below Daguerre
Above Daguerre

Jan 28- Feb 26, 2002 Above Daguerre

Mar 13-Apr 11, 2002
Mar 25-Apr 23, 2002
Mar 12-Apr 10, 2003

Above Daguerre
Above Daguerre
Above Daguerre

fall-run Chinook salmon
fall-run Chinook salmon
fall-run Chinook salmon
fall-run Chinook salmon
fall-run Chinook salmon
fall-run Chinook salmon
steelhead/rainbow trout
steelhead/rainbow trout
steelhead/rainbow trout
steelhead/rainbow trout
steelhead/rainbow trout

471 cfs (£ 10%)
787 cfs (x 27%)
436 cfs (£ 22%)
886 cfs (x 29%)
476 cfs (£ 39%)
911 cfs (x 20%)
592 cfs (x 21%)
1,826 cfs (x14%)
1,790 cfs (x 31%)
2,351 cfs (x 22%)
2,261 cfs (x 16%)
2,399 cfs (x 58%)

Mar 12-Apr 10, 2003 Below Daguerre
Mar 10-Apr 8, 2004 Above Daguerre

steelhead/rainbow trout
steelhead/rainbow trout

2,470 cfs (£ 123%)
2,388 cfs (+ 16%)

the Below Daguerre Segment. We assumed that ddg that we measured in our surveys were
constructed during the 30 days prior to the sudaggs based on the assumption that redds
would not appear fresh after that time period.wsldéor the 30 days prior to steelhead/rainbow
trout HSI data collection (Table 13) are showniguFe 8. For the 7 redds (all in shallow water)
that we measured lengths and widths on in Feb2@0®, the length and width criteria given in
the methods section classified 6 as steelheadtaittout redds and 1 as a late-fall run Chinook
salmon redd.

The spring-run Chinook salmon HSC data had depihging from 0.5 to 4.6 feet (0.15 to 1.40
m) deep, velocities ranging from 0.29 to 4.40 @988 to 1.341 m/s), and substrate sizes
ranging from 1-3 inches to 4-6 inches (2.5-7.5 ort@-15 cm). The fall-run Chinook salmon
HSC data had depths ranging from 0.2 to 7.8 fegp ¢@.06 to 2.38 m), velocities ranging from
0.23 t0 5.31 ft/s (0.070 to 1.618 m/s), and subssees ranging from 1-2 inches to 6-8 inches

23 This redd was excluded from further analysis.
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Figure 5. 2002 Yuba River flows in the above Daguerre and below Daguerre segments
during spring-run spawning. Flows averaged 624 (+ 3.0%) after September 5 above
Daguerre and 471 cfs (x 10%) below Daguerre.
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Figure 6. 2001 and 2002 flows in the above and below Daguerre segments during fall-run spawning. In 2001, flows
averaged 787 (x 27%) above Daguerre and 436 cfs (x 22%) below Daguerre. In 2002, flows averaged 886 (+ 29%)
above Daguerre and 476 cfs (x 39%) below Daguerre.
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Figure 7. 2003 flows in the above and below Daguerre segments during fall-run
spawning. Flows averaged 911 (+ 20%) above Daguerre and 592 cfs (£ 21%) below
Daguerre.
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Figure 8. 2002, 2003 and 2004 flows in the above and below Daguerre segments during steelhead/rainbow trout
spawning. In 2002 above Daguerre, flows averaged 1826 (+ 14%) from January 8 to February 6, 1790 cfs (£ 31%) from
January 28 to February 26, 2351 cfs (£ 22%) from March 13 to April 11, and 2261 cfs (x 16%) from March 25 to April 25.
Above Daguerre, flows averaged, respectively, 2399 cfs (x 58%) and 2388 cfs (x 16%), in 2003 and 2004. Flows
averaged 2470 (+ 123%) below Daguerre in 2003.
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(2.5-5 cm to 15-20 cm). The steelhead/rainbowttBIC data had depths ranging from 0.4 to
19.9 feet deep (0.12 to 6.065 m), velocities ragp@iom 0.07 to 6.92 ft/s (0.021 to 2.109 m/s),
and substrate sizes ranging from 0.1-1 inches@onthes (0.25-2.5 cm to 10-15 cm).

Biological Verification Data Collection

During the spring-run Chinook salmon redd survaySeptember 23-26, 2002, we collected
data for 51 redds at U.C. Sierra, 54 redds at Totdny 13 redds at Highway 20, 16 redds at
Island, 8 redds at Hammond, and 4 redds at Uppgu&ee, for a total of 146 redds for the
surveys done during that time period. Biologioadification data collection was limited to these
sites due to time constraints. During the fall-@mnook salmon redd surveys on November 4-
6, 2002 and November 18-21, 2002, we collected foata0 redds at U.C. Sierra, 112 redds at
Timbuctoo, 33 redds at Highway 20, 37 redds at Hamin27 redds at Upper Daguerre, 59
redds at Lower Daguerre, 39 redds at Pyramids4&nddds at Plantz for a total of 422 redds for
the surveys done during those time periods. Asgoing-run, biological verification data
collection was limited to these sites due to tirmestraints. During the steelhead/rainbow trout
surveys on April 8-10, 2003, we collected datadoedds at U.C. Sierra, 19 redds at Timbuctoo,
7 redds at Highway 20, 2 redds at Upper Daguerregd at Lower Daguerre, and 1 redd at
Hallwood, for a total of 36 redds for the survegsid during that time period.

Habitat Quitability Criteria (HSC) Devel opment

For steelhead/rainbow trout, the logistic regrassising only occupied and unoccupied data
from upstream of Highway 20 used 159 occupied @@gnt of the total number of
steelhead/rainbow trout redds) and 600 unoccugied éach from Highway 20, Timbuctoo and
UC Sierra sites) observations. The coefficientdHe final logistic regressions for depth and
velocity for spring-run Chinook salmon, fall-run i@bok salmon and steelhead/rainbow trout are
shown in Table 14. The p values for all of the-zeno coefficients in Table 14 were less than
0.05, as were the p values for the overall regoessi

The steelhead/rainbow trout HSC showed suitaliéiaching 0.9 at a depth of 3.2 feet (0.97 m)
and not decreasing with increasing depth. We weteble to apply the depth correction
method of Gard (1998) (nor was it necessary) becthesfinal criteria stayed at a suitability of
1.00 up to the depth of the deepest steelheadtaittout redd we observed, and the method
requires having data points above the depth wihersuitability is 1.00.

The initial spring-run Chinook salmon HSC showeitadility rapidly decreasing for depths
greater than 2.0 feet (0.61 m). For spring-rum@bk salmon, suitable velocities were between
1.27 and 3.66 ft/s (0.387 and 1.115 m/s), whilestineable substrate code was 2.4. The results
of the initial regressions of the Gard (1998) mdtilogy showed that availability dropped with
increasing depth &= 0.77, p = 0.02), but not as quickly as use£m®.77, p = 0.02, Figure 9).
The final linear regression R 0.73, p = 0.06) to determine the depth at whiiehscaled ratios
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Table 14. Logistic regression coefficients and R? values. The R? values are
McFadden’s Rho-squared values calculated by the logistic regression. McFadden's
rho-squared is conceptually similar to the r-squared used in linear regression, but the
values tends to be much lower (Steinberg and Colla 1999). A value of 0 indicates no
correlation, whereas values between 0.20 and 0.40 indicate significant correlation.

race parameter I J K L M R?
spring-run  depth -4.992202 4.222906 -1.319801 0.075537 0.10
spring-run  velocity -5.757925 4.456922 -1.277759 0.093882 0.12

fall-run depth  -4.415397 7.717277 -4.243941 0.80188 -0.049158 0.10
fall-run velocity -4.626245 7.806305 -4.684532 1.155188 -0.102498 0.10
steelhead depth -5.2817 ~-n 2.50813 -0.75673 0.059971 0.65
steelnead velocity -5.5523 4.209993 -1.09807 0.081385 - 0.12

reach zero found that the scaled ratio reachedates@ feet (1.61 m). As a result, the spring-
run Chinook salmon depth criteria were modifiethéwe a linear decrease in suitability from 2.0
feet (0.61 m), the greatest depth in the origin&kiga which had a suitability of 1.0, to a
suitability of 0.0 at 5.3 feet (1.61 m).

The initial fall-run Chinook salmon HSC showed abitity rapidly decreasing for depths greater
than 1.4 feet (0.43 m). For fall-run Chinook satmsuitable velocities were between 0.68 and
4.52 ft/s (0.207 and 1.378 m/s), while suitablessu#te codes were 1.3 to 3.5. The results of the
initial regressions for the Gard (1998) methodolslggwed that availability dropped with
increasing depth @&= 0.94, p = 0.006), but not as quickly as use<R.88, p = 0.02, Figure 10).
The result of the final linear regressiorf R0.87, p = 0.07) to determine the depth at whiieh
scaled ratios reach zero was that the scaledresiched zero at 4.86 feet (1.481 m). However,
there were three redds which had depths greatertl®s feet (1.481 m) (ranging from 5.0 to 7.8
feet [1.52 to 2.38 m]). As a result, the fall-t@hinook salmon depth criteria were modified to
have a linear decrease in suitability from 1.0.4tféet (0.43 m), the greatest depth in the origina
criteria which had a suitability of 1.0, to a sbitdy of 0.02 at 4.8 feet (1.46 m); the suitalyilaf
0.02 was continued through 7.8 feet (2.38 m, thpghdef the deepest fall-run Chinook salmon
redd) with suitability reaching zero at 7.9 feed@m).

The final depth and velocity criteria for springrdafall-run Chinook salmon and steelhead/
rainbow trout, along with the frequency distributsoof occupied and unoccupied locations, are
shown in Figures 11-16 and Appendix J. The fipaing- and fall-run Chinook salmon and
steelhead/rainbow trout substrate criteria are showrigures 17-19 and Appendix J.
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Figure 9. Relations between availability and use and depth for spring-run Chinook
salmon. Availability dropped with increasing depth, but not as quickly as use. The use-
availability regression reached zero at 5.3 feet (1.61 m).
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continued through 7.8 feet (2.38 m, the depth of the deepest fall-run Chinook salmon
redd).
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Figure 11. Spring-run Chinook salmon spawning depth HSC. The HSC show that
spring-run Chinook salmon spawning has a non-zero suitability for depths of 0.5 to 5.2
feet (0.15 to 1.58 m) and an optimum suitability at depths of 1.9 to 2.0 feet (0.58 to 0.61
m).
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Figure 12. Spring-run Chinook salmon spawning velocity HSC. The HSC show that
spring-run Chinook salmon spawning has a non-zero suitability for velocities of 0.29 to
4.40 feet/sec (1.341 m/s) and an optimum suitability at velocities of 2.3 to 2.4 feet/sec

(0.701 to 0.731 m/s).
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Figure 13. Fall-run Chinook salmon spawning depth HSC. The HSC show that fall-run
Chinook salmon spawning has a non-zero suitability for depths of 0.2 to 7.8 feet (0.06
to 2.38 m) and an optimum suitability at a depth of 1.4 feet (0.43 m).
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Figure 14. Fall-run Chinook salmon spawning velocity HSC. The HSC show that fall-
run Chinook salmon spawning has a non-zero suitability for velocities of 0.23 to 5.31
feet/sec (0.070 to 1.618 m/s) and an optimum suitability at velocities of 1.5to 1.7

feet/sec (0.457 to 0.518 m/s).
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Figure 15. Steelhead/rainbow trout spawning depth HSC. The HSC show that
steelhead/rainbow trout spawning has a non-zero suitability for depths of 0.4 to 19.9
feet (0.12 to 6.06 m), reaches a suitability of 0.9 at 3.2 feet (0.97 m) and an optimum
suitability at depths of 7.0 to 16.9 feet (2.13 to 5.15 m).
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Figure 16. Steelhead/rainbow trout spawning velocity HSC. The HSC show that
steelhead/rainbow trout spawning has a non-zero suitability for velocities of 0.09 to 6.92
feet/sec (0.027 to 2.109 m/s) and an optimum suitability at velocities of 2.6 to 2.9
feet/sec (0.792 to 0.884 m/s).
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Figure 17. Spring-run Chinook salmon HSC curve for substrate. The HSC show that
spring-run Chinook salmon spawning has a non-zero suitability for substrate codes 1.3
to 4.6 and an optimum suitability for substrate code 2.4.
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Figure 18. Fall-run Chinook salmon HSC curve for substrate. The HSC show that fall-
run Chinook salmon spawning has a non-zero suitability for substrate codes 1.2 to 6.8
and an optimum suitability for substrate code 2.4.
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Figure 19. Steelhead/rainbow trout HSC curve for substrate. The HSC show that
steelhead/rainbow trout spawning has a non-zero suitability for substrate codes 1 to 4.6
and an optimum suitability for substrate code 1.2.

Biological Verification

For spring-run Chinook salmon, the combined halsis#gability predicted by the 2-D model was
significantly higher for locations with redds (madi= 0.23, n = 146) than for locations without
redds (median = 0.01, n = 1200), based on the afezttMann-Whitney U test (U = 48020, p <
0.000001). The frequency distribution of combinathitat suitability for locations with spring-
run Chinook salmon redds is shown in Figure 20)ente frequency distribution of combined
habitat suitability for locations without reddssisown in Figure 21. A greater number in the
suitability index indicates greater suitability.

The location of spring-run Chinook salmon reddatreé to the distribution of combined
suitability is shown in Appendix L. The 2-D mogekdicted that 23 of the 146 (16%) redd
locations had a combined suitability of zero. Bax a combined suitability of zero due to the
predicted substrate being too small (substratescoti6.1, 1 and 1.2), 13 had a combined
suitability of zero due to the predicted substlaing too large (substrate codes of 6.8, 8, 9 and
10), 1 had a combined suitability of zero due ® phedicted velocity being too low (less than
0.29 ft/s [0.088 m/s]), 2 had a combined suitapiit zero due to the predicted velocity being too
high (greater than 4.40 ft/s [1.341 m/s]), and A &a@ombined suitability of zero due to the
predicted depth being too low (depth less tharfdb5[0.15 m]).

USFWS, SFWO, Energy Pl anning and | nstream Fl ow Branch
Yuba Ri ver Spawni ng Report
August 26, 2010

53



219

15 4
12
g
6
3
o I [ |
o o1 02 03 04 05 06 07 08 03 1

Cornbined Habitat Suitability

Frequency

Figure 20. Combined suitability for 2-D model locations with spring-run Chinook salmon
redds. The median combined suitability for occupied locations was 0.23.
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Figure 21. Combined suitability for 2-D model locations without spring-run Chinook
salmon redds. The median combined suitability for unoccupied locations was 0.01.
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For fall-run Chinook salmon, the combined habitataility predicted by the 2-D model was
significantly higher for locations with redds (madi= 0.39, n = 422) than for locations without
redds (median = 0.11, n = 1600), based on the atesttMann-Whitney U test (U = 225858, p <
0.00001). The frequency distribution of combinebitat suitability for locations with fall-run
Chinook salmon redds is shown in Figure 22, whikeftequency distribution of combined
habitat suitability for locations without reddssisown in Figure 23. A greater number in the
suitability index indicates greater suitability.

The location of fall-run Chinook salmon redds nelato the distribution of combined suitability
is shown in Appendix L. The 2-D model predictedttB83 of the 422 (8%) redd locations had a
combined suitability of zero. Three had a combiseitibility of zero due to the predicted
substrate being too small (substrate codes ofrd11y 14 had a combined suitability of zero due
to the predicted substrate being too large (sulest@des of 8, 9 and 10), 13 had a combined
suitability of zero due to the predicted velocigirg too low (less than 0.23 ft/s [0.070 m/s]), 1
had a combined suitability of zero because thetiocavas predicted to be dry by the 2-D model,
and 2 had a combined suitability of zero due toptteslicted depth being too low (depth less than
0.2 ft [0.06 m]).

For steelhead/rainbow trout, the combined habutaakility predicted by the 2-D model using

the criteria determined only from occupied and woapoed data upstream of Highway 20 was
significantly higher for locations with redds (madi= 0.245, n =32) than for locations without
redds (median = 0.0004, n = 600), based on thdalsel Mann-Whitney U test (U = 4298, p <
0.000001). The frequency distribution of combinaditat suitability using the criteria
determined only from occupied and unoccupied dasdream of Highway 20 for locations with
steelhead/rainbow trout redds is shown in Figurea?dle the frequency distribution of

combined habitat suitability for locations withaetds is shown in Figure 25. A greater number
in the suitability index indicates greater suitail

The location of steelhead/rainbow trout redds n&dao the distribution of combined suitability

is shown in Appendix L. The 2-D model predictedtth of the 36 (11%) redd locations had a
combined suitability of zero. Two had a combinadability of zero due to the predicted
substrate being too large (substrate codes 0868and 10), and two had a combined suitability
of zero because the location was predicted to péylthe 2-D model.

Habitat Smulation

The WUA values calculated for each site are corthin Appendix K. The ratios of total redds
counted in the segment to number of redds in theelhay sites for that segment were as
follows: fall-run Chinook salmon Above Daguerreg8ent = 2.20, Below Daguerre Segment =
2.37; steelhead/rainbow trout Above Daguerre Segmén/6, Below Daguerre Segment = 1.25.
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Figure 22. Combined suitability for 2-D model locations with fall-run Chinook salmon
redds. The median combined suitability for occupied locations was 0.39.
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Figure 23. Combined suitability for 2-D model locations without fall-run Chinook salmon
redds. The median combined suitability for unoccupied locations was 0.11.
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Figure 24. Combined suitability for 2-D model locations with steelhead/rainbow trout
redds. The median combined suitability for occupied locations was 0.245.
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Figure 25. Combined suitability for 2-D model locations without steelhead/rainbow trout
redds. The median combined suitability for occupied locations was 0.0004.
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The flow habitat relationships for spring-run Clhekasalmon spawning are shown in Figures 26
and 27 and Appendix K. In the Above Daguerre Segntbe 2-D model predicts the highest
total WUA at 1,400 cfs. For the Below Daguerre18eqt, the total WUA peak is at 900 cfs.
The flow habitat relationships for fall-run Chinos&lmon spawning are shown in Figures 28
and 29 and Appendix K. In the Above Daguerre Segntbe 2-D model predicts the highest
total WUA at 1,000 cfs. For the Below Daguerrer8enqt, the total WUA peak is at 1,400 cfs.
The flow habitat relationships for steelhead/raimliout spawning are shown in Figures 30 and
31 and Appendix K. In the Above Daguerre Segnthet2-D model predicts the highest total
WUA at 2,900 cfs. For the Below Daguerre Segmidet total WUA peak is at 3,700 cfs.

Evaluation of Polygon Substrate Data Collection Methods
Biological Verification

The location of spring-run Chinook salmon reddatreé to the distribution of combined
suitability is shown in Appendix L. The combinealitat suitability predicted by the 2-D model
for the two sites using the standard method wasfgigntly higher for locations with spring-run
Chinook salmon redds (median = 0.38) than for iocatwithout redds (median = 0.02) based
on the one-tailed Mann-Whitney U test (U = 1634 @.0002). The combined habitat suitability
predicted by the 2-D model for the two sites ushgpolygon method was also significantly
higher for locations with spring-run Chinook salmexds (median = 0.13) than for locations
without redds (median = 0.03) based on the onedailann-Whitney U test (U = 1902, p <
0.0016). The location of fall-run Chinook salmeulds relative to the distribution of combined
suitability is shown in Appendix L. The combinealitat suitability predicted by the 2-D model
for the two sites using the standard method wasfgigntly higher for locations with fall-run
Chinook salmon redds (median = 0.38) than for iocatwithout redds (median = 0.08) based
on the one-tailed Mann-Whitney U test (U = 698&, .000001). The combined habitat
suitability predicted by the 2-D model for the taites using the polygon method was also
significantly higher for locations with fall-run @took salmon redds (median = 0.63) than for
locations without redds (median = 0.13) based erotie-tailed Mann-Whitney U test (U =
6058, p < 0.000001). The location of steelheaud@v trout redds relative to the distribution of
combined suitability is shown in Appendix L. Thenabined habitat suitability predicted by the
2-D model for the Highway 20 site using the staddaethod was not significantly higher for
locations with steelhead/rainbow trout redds (meei®.17) than for locations without redds
(median = 0.014) based on the one-tailed Mann-Vekith test (U = 461, p = 0.12). The
combined habitat suitability predicted by the 2-Ddeal for the two sites using the polygon
method was also not significantly higher for looas with steelhead/rainbow trout redds
(median = 0.16) than for locations without reddedman = 0.023) based on the one-tailed Mann-
Whitney U test (U = 560, p = 0.37).
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Figure 26. Spring-run Chinook salmon spawning flow-habitat relationship above
Daguerre Point Dam. The flow with the maximum spring-run Chinook salmon spawning
habitat was 1400 cfs.
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Figure 27. Spring-run Chinook salmon spawning flow-habitat relationship below
Daguerre Point Dam. The flow with the maximum spring-run Chinook salmon spawning
habitat was 900 cfs.
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Figure 28. Fall-run Chinook salmon spawning flow-habitat relationship above Daguerre
Point Dam. The flow with the maximum fall-run Chinook salmon spawning habitat was
1000 cfs.
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Figure 29. Fall-run Chinook salmon spawning flow-habitat relationship below Daguerre
Point Dam. The flow with the maximum fall-run Chinook salmon spawning habitat was
1400 cfs.
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Figure 30. Steelhead/rainbow trout spawning flow-habitat relationship above Daguerre
Point Dam. The flow with the maximum steelhead/rainbow trout spawning habitat was
2,900 cfs.
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Figure 31. Steelhead/rainbow trout spawning flow-habitat relationship below Daguerre
Point Dam. The flow with the maximum steelhead/rainbow trout spawning habitat was
3,700 cfs.
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The comparison of the percentage of redds whersubstrate was correctly characterized by the
2-D model using the standard method versus thegpalynethod found that the results for the
standard method were nearly identical to thosé¢hfempolygon method. The 2-D model correctly
predicted the substrate for 36% of the redds usiagtandard method, while the use of the
polygon method resulted in the substrate beingectyr predicted for 37% of the redds.

Habitat ssmulation

The flow habitat relationships for spring-run Chekasalmon spawning predicted by the 2-D
model using the standard and polygon methods fghway 20 site are shown in Figure 32.
Using the standard method, the 2-D model predmgshitghest WUA at 1,300 cfs. Using the
polygon method, the 2-D model predicts the highestA at 1,500 cfs. For fall-run Chinook
salmon (Figure 33), using the standard method2tBemodel predicts the highest WUA at
1,000 cfs. Using the polygon method, the 2-D maadedlicts the highest WUA at 1,400 cfs. For
steelhead/rainbow trout, the 2-D model predictshigpest WUA at 3,100 cfs using the standard
method, with the WUA still increasing up to thaivil. Using the polygon method, the 2-D
model predicts the highest WUA at 3,700 cfs (Figgd® Based on the results for Hwy 20 site,
the flow at which WUA peaks is somewhat higher ggire polygon method compared to the
standard method for spring-run Chinook salmon anderso for fall-run Chinook salmon and
steelhead/rainbow trout. Overall, the main notalifiierence in the results is that the predicted
amount of available habitat at each flow is coesily higher using the polygon method
compared to the standard method for spring anddallChinook salmon and steelhead/rainbow
trout.

The flow habitat relationships for spring-run Chekasalmon spawning predicted by the 2-D
model using the standard and polygon methods f@etpaguerre site are shown in Figure 35.
For spring-run Chinook salmon, both methods preatiethighest WUA at 800 cfs. For fall-run
Chinook salmon, using the standard method, then2eDel predicts the highest WUA at 500 cfs.
Using the polygon method, the 2-D model predicéshighest WUA at 600 cfs (Figure 36).
Based on the results for Upper Daguerre site,lthe &t which WUA peaks is essentially the
same using either method for spring and fall-rum@bk salmon. For spring and fall-run
Chinook salmon, the amount of available habitatligted by the 2-D model for each flow is
higher using the polygon method up to about 2,380z spring-run Chinook salmon and 2,000
cfs for fall-run Chinook salmon. However, beyondga flows, the 2-D model predicts more
available habitat using the standard method.
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Figure 32. Highway 20 site spring-run Chinook salmon spawning flow-habitat
relationships standard and polygon substrate collection methods. The flow with the
maximum WUA was higher for the polygon method than for the standard method.
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Figure 33. Highway 20 site fall-run Chinook salmon spawning flow-habitat relationships
standard and polygon substrate collection methods. The flow with the maximum WUA
was higher for the polygon method than for the standard method.
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Figure 34. Highway 20 site steelhead/rainbow trout spawning flow-habitat relationships
standard and polygon substrate collection methods. The flow with the maximum WUA
was higher for the polygon method than for the standard method.
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Figure 35. Upper Daguerre site spring-run Chinook salmon spawning flow-habitat
relationships standard and polygon substrate collection methods. The flow with the
maximum WUA was the same for both methods.
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Figure 36. Upper Daguerre site fall-run Chinook salmon spawning flow-habitat
relationships standard and polygon substrate collection methods. The flow with the
maximum WUA was slightly higher for the polygon method than for the standard
method.

DISCUSSION
Hydraulic and Structural Habitat Data Collection

Incorporating Corps data allowed greater refinenoétihhe bed topography for each study site.
Establishing the precise northing and easting éoates and elevations of our horizontal
benchmarks using dual frequency survey-grade difiital GPS and tying in our vertical
benchmarks to the elevations of the horizontal berarks also enabled establishing the location
and orientation of the sites and their bed elewatend water surface elevations relative to data
that is concurrently being collected by other égit This will facilitate the sharing and
comparison of data for the various studies beimglaoted on the Yuba River. All of the
measurements were accurate to 1 foot (0.3 m) hatailg and 0.1 foot (0.031 m) vertically. We
conclude that measurement error would have a mireffect on the final result. The
topographic point densities fall within the randeeported values in published studies. For
example, LeClerc et al. (1995) had a point derfiy.25 to 2 points/100 fwhile Jacobson

and Galat (2006) had a point density of 6 poin@/if,
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Hydraulic Model Construction and Calibration
PHABSIM WSEL Calibration

We did not regard the slightly low VAF values fbetlowest simulation flow of 150 cfs for
Upper Daguerre and Hallwood downstream transeqgtsaddematic since RHABSIM was only
used to simulate WSELs and not velocities.

RIVER2D Model Construction

The Corps data incorporated into the bed topograglopved greater refinement of the bed
topography for each study site. In most casegdhions of the mesh where there was greater than
a 0.1 foot (0.031 m) difference between the meshfenal bed file were in steep areas; in these
areas, the mesh would be within 0.1 foot (0.03¥enjically of the bed file within 1.0 foot (0.3 m)
horizontally of the bed file locatiorGiven that we had a 1-foot (0.3 m) horizontal lexfedccuracy,
such areas would have an adequate fit of the noet$tetbed file.

RIVER2D Model Calibration

In general, Hammond, Upper Daguerre, Lower Daguéfaiwood, and Plantz sites at the
highest measured flow had WSELSs on the two barksdiffered by more than 0.1 foot (0.031
m). In some cases, we were uncertain which modslresponsible for the discrepancies
between the WSELSs predicted by RIVER2D and PHABSI4. a result, we felt that it would be
more accurate to calibrate these sites using tlesuned WSELSs for the highest flow within the
range of simulated flows. Our general rule is thet more accurate to calibrate sites using the
WSELs simulated by PHABSIM at the highest simuldted because the RIVER2D model is
more sensitive to the bed roughness multipliengtidr flows, versus lower flows. However,
when we have concluded, as for these sites, teatithulation of the WSEL at the upstream
transect at the highest simulation flow by PHABS#Mnaccurate, it no longer makes sense to
calibrate RIVER2D using the WSELs simulated by PFRAR at the highest simulation flow. In
these cases, we use the fall-back option of caiifyyd&rIVER2D using the WSELs measured at
the highest flow within the range of simulationvite.

We considered the solution to be acceptable fostiy site cdg files which had a maximum
Froude Number greater than 1, since the Froude Muotdy exceeded one at a few nodes, with
the vast majority of the site having Froude Numbess than one. Furthermore, these nodes
were located either at the water’s edge or whetengepth was extremely shallow, typically
approaching zero. A high Froude Number at a vierigdd number of nodes at water’s edge or
in very shallow depths would be expected to havmsignificant effect on the model results
because these conditions do not coincide with Iskeitspawning habitat.
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Although the maximum WSEL values for the Islandni@ond, Upper Daguerre, and Plantz
sites upstream transect and for the Pyramids sitmstream transect exceeded the 0.1 foot
(0.031 m) criterion, all had average WSELSs thatengell within that criterion value (Appendix
F). In each case, the WSELs next to the locatdrise left and right banks within the model
were all within the 0.1 foot (0.031 m) criterionlve. The PHABSIM simulated WSELs and the
measured WSELSs used for calibrating the cdg filesevibased on WSEL measurements taken
next to the left and right banks. For higher geatiportions of the Yuba River, the WSEL going
across the river will differ by more than 0.1 f§0t031 m) at some flows, with up to a 0.65 foot
(0.198 m) measured difference in WSEL betweenwlzelianks in some areas, such as the
Highway 20 site. Accordingly, we conclude the loadtion for these five sites was acceptable.

RIVER2D Modd Velocity Validation

Differences in magnitude in most cases are likely tb (1) aspects of the bed topography of the
site that were not captured in our data collect{@phpperator error during data collection, i.e.,

the probe was not facing precisely into the digecof current; (3) range of natural velocity
variation at each point over time resulting in sameasured data points at the low or high end of
the velocity range averaged in the model simulatiamd (4) the measured velocities being the
component of the velocity in the downstream diectwhile the velocities predicted by the 2-D
model were the absolute magnitude of velocity @asicket al 2006§*. As shown in the

figures in Appendix G, we attribute most of thefeliénces between measured and predicted
velocities to noise in the measured velocity meas@nts; specifically, for the transects, the
simulated velocities typically fell within the ram@f the measured velocities of the three or more
ADCP traverses made on each transect. The 2-DInmddgrates effects from the surrounding
elements at each point. Thus, point measureméntdarity can differ from simulated values
simply due to the local area integration that tglase. As a result, the area integration effect
noted above will produce somewhat smoother latesalcity profiles than the observations. The
effects of model errors in predicting velocitiestba overall flow-habitat relationships are
addressed below iRactors Causing Uncertainty.

For those deep beds where RIVER2D over or undetigiezl the velocities on one or both sides
of the channel for the following deep beds, walaite this to either errors in the bed topography
that did not properly characterize features thatlted in faster/slower velocities, or errors ia th
ADCP measurements of velocity. Timbuctoo Deep Hedts are good examples of where the
bed topography was not accurately characterizéiweimodel. The location of these deep beds
was in (E and F) and below (G and H) the downstreadchof a side channel. Looking at the
measured velocities, it is apparent that the widaing down the main channel reflected off the
rock wall that was present at the downstream enteoéxit of the side channel, increasing the
velocities along the west side of the side chatwmith an eddy going up the side channel) and

24 For areas with transverse flow, this would resulthie 2-D model appearing to over-
predict velocities even if it was accurately prédig the velocities.
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downstream main channel. The RIVER2D predictedargés do not show any influence from a
rock wall. The complexity of the bed topographattexisted in the main channel and the exit
from the side channel would likely have requiresigmificantly higher density of data points to
accurately capture the velocity pattern in thisaare

For Timbuctoo downstream (XS1) transect, where ARZB over-predicted the simulated
velocities, and Island downstream transect, whé=R2D under-predicted the velocities
toward the south side of the channel, but overipted the velocities on the far south side of the
channel and the north side of the channel, exaroimaf the RIVER2D velocity vectors on the
downstream transect showed that there was an adtlyetsulted in an upstream direction of flow
at the location of the eddy and affected the domgast flow on either side. Comparison with the
measured velocities in this area of the downstregansect showed that there was no apparent
eddy at that flow. It appears that an inaccurapeasentation of the bed topography in the
vicinity of the downstream transect produced arnyeddhat flow with the resulting peaks and
troughs in the RIVER2D velocities that do not matgth the measured velocities. Another
possible explanation is that boundary conditionth@tdownstream transect may have caused the
eddy. Use of a downstream extension might haveisdited the eddy.

In the case of Timbuctoo upstream (XS2) transelkgres RIVER2D over-predicted the simulated
velocities on the east side of the channel, wéat# this to errors in the ADCP velocity
measurements (being too low). For example, theutated discharge for the upstream transect
was 1,901 cfs versus the actual total river disghai 2,195 cfs.

The over-predicted and the under-predicted vekxiior a short distance in the middle of the
channel for the Island and the Pyramids upstreansécts (XS2) very likely can be attributed to
the use of the Corps data to produce the chanpegtaphy upstream of the upstream transect.
These data were collected at a much lower derfgty our data and it is very likely that a small-
scale feature that was located upstream of theagmttransect that influenced the water
velocities in that area was not accurately charaete or is missing from the model bed
topography.

Where RIVER2D under-predicted the velocities acrasst of the channel for Island Deep Beds
B-D, we attribute this to errors in the ADCP vetgeneasurements (being too high). For
example, the calculated discharges for Deep BeDswire 3,532, 3,230, and 3,254 cfs,
respectively, versus the actual total river disghaf 2,373 cfs. RIVER2D also likely under-
predicted the velocities for Island Deep Beds Na R due to the ADCP velocity
measurements being too high. However, since thesp Beds were located in a portion of the
site where there was a split channel, the caladildigcharges represent only a portion of the total
flow, preventing a comparison with the actual totaér discharge.
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In the cases where RIVER2D over-predicted the satedl velocities for the Hammond Deep
Beds A, B and D, Upper Daguerre Deep Beds C, L@aguerre Deep Beds A and M, and
Pyramids Deep Beds A-C, we attribute this to ermothe ADCP measurements (being too low).
For example, the calculated discharges for Hamniewp Beds A, B, and D (which crossed
most of the wetted channel) were 552, 498, andck3%espectively, versus the actual total
discharge of 955 cfs. In the case of Upper Dagueeep Beds C, the calculated discharge was
417 cfs and the actual total river discharge w4 cfs. The same was true for Lower
Daguerre Deep Beds A and M (both of which went sxtarge portions of the wetted channel),
where the calculated discharges were 623 and Ef837vespectively, while the actual total river
discharges were 1,640 and 1,620, respectively.P@amids Deep Beds A-C, the calculated
discharges for Deep Beds A-C (each Deep Bed crassadly the entire width of the wetted
channel) were 490, 514, and 458 cfs, while theah¢tual river discharge was 1,620 cfs.

RIVER2D Mode Simulation Flow Runs

The simulation flow run cdg files for Timbuctooldsd, Upper Daguerre, Lower Daguerre,
Pyramids, and Plantz, where the net Q was gre@er1%, had a stable solution since the net Q
was not changing and the net Q in all cases washes 5%. In comparison, the accepted level
of accuracy for USGS gages is generally 5%. Tthesdifference between the flows at the
upstream and downstream boundary (net Q) is wittersame range as the accuracy for USGS
gages, and is considered acceptable. In the ¢alse eight Pyramid production cdg files where
the net Q significantly exceeded the 5% level, wesader that a level of uncertainty applies to
results for these production files. These higlezrQis resulted from the cross-sectional area at
the downstream boundary that was too small at lowd. This was caused by low density of
bed topography data collected by the Corps tha¢ weed to develop the downstream extension.
This affected only the simulated depths and vékxcin the downstream extension and thus
would not have had an effect on the flow-habit&trenships for this site, since the depths and
velocities in the downstream extension are not as@dmpute habitat. For example, at the
lowest simulated flow, the net Q was 3% at thetiocatwenty-five feet (7.6 m) upstream of the
downstream boundary.

Although a majority of the simulation flow files théMax Froude values that exceeded 1, we
considered these production runs to be acceptatde the Froude Number was only greater than
one at a few nodes, with the vast majority of tteaavithin the site having Froude Numbers less
than one. Again, as described in RIVER2D Modellsation discussion, these nodes were
located either at the water’'s edge or where wagptidwas extremely shallow, typically
approaching zero. A high Froude Number at a vieritdd number of nodes at water’s edge or

in very shallow depths would be expected to havmsignificant effect on the model results
because these conditions do not coincide with Iskeitspawning habitat.
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Habitat Quitability Criteria (HSC) Data Collection

Substrate embeddedness data were not collecteddeettee substrate adjacent to all of the redds
sampled was predominantly unembedded. Since @ligyto avoid classifying Chinook salmon
redds as steelhead redds, we feel that the lengtlwalth criteria are sufficiently accurate for
purposes of collecting steelhead/rainbow trout spagvcriteria, particularly since there appear

to be relatively few late-fall-run chinook salmanthe Yuba River. Given that a majority of the
spring-run Chinook salmon redds were constructest &eptember 17, 2002 and that flows were
steady after September 5, 2002, we are confidamtlle flows at which the spring-run Chinook
salmon redds were measured are representative fibthis at which most were constructed. The
unstable nature of the flows in both segments fiieebeginning of fall-run Chinook salmon and
steelhead/rainbow trout spawning resulted in soneeainty that the measured depths and
velocities in both segments were the same as gdrasére time of redd construction in all three
years. Since most spring-run Chinook salmon éeellsead/rainbow trout spawn above
Daguerre Point Dam, the main focus for spawninghese species/races should be the segment
above Daguerre Point Dam. In contrast, since tivaiea relatively even split of fall-run
spawning above and below Daguerre Point Dam, itbeiimportant to consider both segments
in setting flow requirements for fall-run Chinoa&limion spawning.

Habitat Quitability Criteria (HSC) Devel opment

The R values in Table 14 in general reflect the larggrele of overlap in occupied and
unoccupied depths and velocities, as shown in B4 to 19. Low Rvalues are the norm in
logistic regression, particularly in comparisonhwlihear regression models (Hosmer and
Lemeshow 2000). TheRalues in this study were significantly lower thtaose in Knapp and
Preisler (1999), Geist et al. (2000) and Guay .€28I00), which had Rvalues ranging from 0.49
to 0.86. We attribute this difference to the féetttthe above studies used a multivariate logistic
regression which included all of the independeniabdes. It would be expected that the
proportion of variance (Rvalue) explained by the habitat suitability vatéswould be
apportioned among depth, velocity and substr&ter example, McHugh and Budy (2004) had
much lower R values, in the range of 0.13 to 0.31, for logistigressions with only one
independent variable.

The logistic regressions clearly showed that thes a significant influence of depth and
velocity on use or nonuse with the range of ovémilag conditions, since the p-values for the
logistic regressions and the p-values for the iidial terms of the logistic regressions were all
less than 0.05. Accordingly, we conclude that Hegotd velocity do not act as boundary
conditions for use given that all other spawningditions are suitable (i.e., substrate
composition, permeability, and intragravel veloes). Binary criteria are generally
biologically unrealistic — they either overestimahe habitat value of marginal conditions
if the binary criteria are broadly defined (for exale, setting suitability equal to one for
any depths and velocities where the original H3ugavas greater than 0.1) or completely
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discount the habitat value of marginal conditioA$he latter case would be biologically
unrealistic since many redds would be in areas Wwhiould be considered completely
unsuitable from the binary criteria.

The rapidly decreasing suitability of the initigrgg and fall-run depth criteria for depths greate
than, respectively, 2.0 and 1.4 feet (0.61 and h}3was likely due to the low availability of
deeper water with suitable velocities and subgtrsi¢he Yuba River at the spawning flows
rather than active selection by spring and fall-@mnook salmon of only shallow depths for
spawning. For steelhead/rainbow trout, the lagigtgression corrected for the low availability
of suitable velocities and substrates in deep wWadeause it incorporates both occupied and
unoccupied data into the calculation of the halsitatiability criteria. Specifically in this cadaet
very low number of unoccupied locations in deepatawresulted in the logistic regression HSC
having high suitability for deep conditions.

It should be noted that the regressions for depthvalocity were fit to the raw occupied and
unoccupied data, rather than to the frequencydratos shown in Figures 14-19. In general, the
spring and fall-run Chinook salmon and steelheatiaw trout final depth and velocity criteria
track the occupied data, but drop off slower thendccupied data due to the frequency of the
unoccupied data also dropping over the same raingdepdhs and velocities. The main exception
to this trend, as discussed below, was for stedlr@abow trout depth HSC. We investigated
whether data at the upper tails of the distributiad a substantial effect on the original
steelhead/rainbow trout depth HSC (calculated uaihgf the occupied and unoccupied data) by
conducting two alternative logistic regressionge that eliminated the upper 5% of all occupied
and unoccupied observations, and one that inclatledtcupied and unoccupied observations
with depths less than 5.8 feet (1.77 m, the vafube@95th percentile unoccupied measurement).
This analysis was selected as analogous to wisaddraetimes been used with Type Il HSC
(calculated by dividing use by availability), whehe upper 5% of the data are eliminated to get
rid of the inordinate effect of observations at éix¢remes of the distribution, so that only the
data in the middle 90% of the data are used (Hamp®88). As shown in Figures 37 and 38,
both alternatives still resulted in an optimal ghility at 16 feet (4.88 m), suggesting that the
upper tails of the distributions did not have astabtial effect on the steelhead/rainbow trout
depth HSC.

Figures 39 to 41 compare the three sets of HSC fhigrstudy. The most noticeable difference
between the criteria was that steelhead/rainbout Belected much deeper conditions than either
spring-run or fall-run Chinook salmon. As showrFigure 18, the frequency distribution of all
occupied and unoccupied locations for steelheadyoav trout is similar for depths up to around
5 feet (1.52 m), whereas the relative frequencylépths greater than 5 feet (1.52 m) is greater
for occupied locations than for unoccupied locatioithis pattern of data resulted in the logistic
regression having lower suitabilities at shallodepths and suitabilities increasing up to 7.0 feet
(2.13 m). Even the occupied data showed signifidédferences between the Chinook salmon
and steelhead/rainbow trout redds — there weretamyfall-run redds and no spring-run redds
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Figure 37. Comparison of steelhead/rainbow trout depth HSC from this study with an
alternative depth HSC computed from data that excluded the upper five percent of
occupied and unoccupied observations.
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Figure 38. Comparison of steelhead/rainbow trout depth HSC from this study with an
alternative depth HSC computed from data that included only occupied and unoccupied
observations with depths less than 5.8 feet (1.77m, the value of the 95th percentile
unoccupied measurement).
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Figure 39. Comparison of depth HSC from this study. These criteria indicate that
steelhead/rainbow trout selected much deeper conditions than either spring-run or fall-

run Chinook salmon.
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Figure 40. Comparison of velocity HSC from this study. These criteria indicate that fall-
run Chinook salmon selected slower velocities than either spring-run Chinook salmon or
steelhead/rainbow trout.
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Figure 41. Comparison of substrate HSC from this study. These criteria indicate that
steelhead/rainbow trout selected smaller substrates than either spring-run or fall-run
Chinook salmon.

with depths of more than 5 feet (1.52 m), where®% »f the steelhead/rainbow trout redds had
depths greater than 5 feet (1.52 m). The preferehsteelhead/rainbow trout for much greater
depths than Chinook salmon may be related to stad/rainbow trout spawning during the
winter, when flows are much more variable — spagmmndeeper water may reduce the
probability of redds becoming dewatered with desesan flow or scoured with increases in
flow.

Fall-run Chinook salmon selected slower velocitiemn either spring-run Chinook salmon or
steelhead/rainbow trout and used a wider rangaldtgates than spring-run Chinook salmon.
We attribute this to the larger population sizéatifrun Chinook salmon, versus spring-run
Chinook salmon and steelhead/rainbow trout; wildrger population size, it is likely that some
of the fall-run were forced to use less-optimalditons, while the spring-run and
steelhead/rainbow trout were able to use only roptanal conditions since there was less
competition for spawning habitat. The upper endebbcities where steelhead/rainbow trout
redds were found was greater than for either taillor spring-run Chinook salmon; this likely
reflects the greater depths at which steelheadloartrout were spawning, where they were able
to select lower near-bottom velocities with highame&olumn velocities. As expected, the
smaller-sized steelhead/rainbow trout selectedlsmalbstrates than either spring-run or fall-
run Chinook salmon (Figure 41).
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Figures 42 to 49 compare the criteria from thislgtwith the criteria from other studies. For
fall-run Chinook salmon depth and velocity, we camgal the criteria from this study with those
used in an earlier study on the Yuba River (Bea#9)@nd those used on the Feather River
(California Department of Water Resources 200#)esthe Yuba River is a tributary of the
Feather River. We compared all of the depth ahalcitg criteria with those from Bovee (1978),
since these criteria are commonly used in instrd@amstudies as reference criteria. For spring-
run Chinook salmon spawning, the only two additlamaeria we were able to identify, in
addition to criteria we developed on Butte Cree&reMfrom the Yakima River in Washington
(Stempel 1984) and Panther Creek in Idaho (Re@&5)1 For steelhead/rainbow trout
spawning, we compared the criteria from this stwdiz those used on the Feather River and on
the Carmel River (Dettman and Kelley 1986), theyather steelhead spawning criteria set from
California that we were able to identify.

For substrate, we were limited to comparing theega from this study to criteria we had
developed on other studies, due to the unique ibstoding system we used. We compared
the fall-run Chinook salmon spawning criteria frtms study to those we had developed for fall-
run Chinook salmon on the Sacramento River (Ga@bpand on the American River (Gard
1998), and compared the spring-run Chinook salnpamwveing criteria from this study to the
criteria we developed on Butte Creek (U.S. Fish\ahidlife Service 2003). We have not
previously developed criteria for steelhead/raintiamt spawning.

The fall-run Chinook salmon depth criteria fromststudy show a slower decline in suitability
with increasing depth. We attribute this to the ursthis study of the Gard (1998) method to
correct for availability, and that the other settsriteria underestimate the suitability of deeper
waters. The fall-run Chinook salmon velocity atigefrom this study show a wider range of
suitable velocities than the criteria from otherdsés. We attribute this to the use in this stoldy
a logistic regression to address availability, Hrat the other criteria, developed using use data,
underestimate the suitability of faster conditiginsthe range of 4 to 5 feet/sec [1.2 to 1.5 m/s])
because they do not take availability into accodirite spring-run Chinook salmon depth criteria
from this study show a shift to more suitabilitygagater depths than the criteria from other
studies. We attribute this to the greater avditgtmf deeper-water conditions with suitable
velocities and substrates in the Yuba River vetisasivers where the other criteria were
developed, the use in this study of the Gard (188&hod to correct for availability, and that the
other sets of criteria underestimate the suitgtalitdeeper waters. The spring-run Chinook
salmon velocity criteria from this study are simila the Yakima River criteria, but show greater
suitability at higher velocities than the other tarderia. We surmise that the availability of
velocities in the Yuba and Yakima Rivers was simi¢and that the limited availability of faster
conditions in Panther Creek and the streams usatiddBovee (1978) criteria biased these
criteria towards slower conditions. The differenbetween the steelhead/rainbow trout depth
and velocity criteria from this study, versus frother studies, can be attributed to the criteria
from other studies being likely biased towards Ismatepths because of limited availability of
deeper water with suitable substrate and velocitied because the criteria from other studies did
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Figure 42. Comparison of fall-run Chinook salmon depth HSC from this study with
other fall-run Chinook salmon spawning depth HSC. The criteria from this study show
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Figure 43. Comparison of fall-run Chinook salmon velocity HSC from this study with
other fall-run Chinook salmon spawning velocity HSC. The criteria from this study show
a wider range of suitable velocities than the criteria from other studies.
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Figure 44. Comparison of spring-run Chinook salmon depth HSC from this study with
other spring-run Chinook salmon spawning depth HSC. The criteria from this study
show a shift to more suitability at greater depths than the criteria from other studies.
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Figure 45. Comparison of spring-run Chinook salmon velocity HSC from this study with
other spring-run Chinook salmon spawning velocity HSC. The criteria from this study
are most similar to the Yakima River criteria.
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Figure 46. Comparison of steelhead/rainbow trout depth HSC from this study with other
steelhead/rainbow trout spawning depth HSC. The criteria from this study show a
substantial shift to more suitability at greater depths than the criteria from other studies.
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Figure 47. Comparison of steelhead/rainbow trout velocity HSC from this study with
other steelhead/rainbow trout spawning velocity HSC. The criteria from this study show
suitability extending to higher velocities than for other studies.
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Figure 48. Comparison of fall-run Chinook salmon substrate HSC from this study with
other fall-run Chinook salmon spawning substrate HSC.
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Figure 49. Comparison of spring-run Chinook salmon substrate HSC from this study
with other spring-run Chinook salmon spawning substrate HSC.
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not apply a logistic regression to correct for &lality. We believe that the Yuba River is

unique among the rivers studied in that it has sdeeper areas with suitable velocities and
substrates, allowing 24 percent of the steelheapaavn in water 5 feet or deeper. In contrast,
the criteria from other systems all have zero bilitg for depths of 5 feet or greater-urther,

the substantial natural flow fluctuations during #teelhead spawning season on the Yuba River
would be a strong selective force to shift steadrgaawning behavior towards selecting deeper
conditions, since eggs in shallow redds would notige dewatering or scouring associated with
flow fluctuations.

The fall-run Chinook salmon spawning substrateegatfrom this study are relatively similar to
the criteria from other studies, although the Y&beer fall-run Chinook salmon showed a
greater use of cobble-sized substrates (greater3ivaches [7.5 cm]) than the fall-run Chinook
salmon in other streams. We conclude that thiepats likely due to the same reasons, as
discussed above, why the fall-run Chinook salm@wspng substrate criteria differed from the
spring-run Chinook salmon spawning criteria in gtisdy. The spring-run Chinook salmon
spawning substrate criteria in this study showgdeater selection for 2-4 inch (5-10 cm) sized
substrates, versus the Butte Creek criteria. \Wibatte this to the lower availability of 2-4 inch
(5-10 cm) sized substrates and greater densitisgasners in Butte Creek, resulting in the Butte
Creek fish being forced to utilize a greater petage of less-suitable substrate sizes (i.e., &ll bu
2-4 inch (5-10 cm) sized substrates).

Biological Verification

The plots of combined suitability of redd locatiansAppendix L are similar to the methods used
for biological verification in Hardy and Addley (Q0). In general, Hardy and Addley (2001)
found a better agreement between redd locationsuaaasd with high suitability than we found in
this study. We attribute this difference to Haahyl Addley (2001)’s use of polygons to map
substrate. We feel that our results could havedsagbod an agreement between redd locations
and areas with high suitability as Hardy and Adq2g801)’s if we had had a more accurate
mapping of the substrate polygons using a totébstar RTK GPS during the process of
polygon method data collection (see discussionvbeémarding evaluation of substrate polygon
method). The statistical tests used in this refoorbiological verification differ from those used
in Guay et al. (2000). In Guay et al. (2000), bgntal verification was accomplished by testing
for a statistically significant positive relationglbetween fish densities, calculated as the number
of fish per area of habitat with a given range alibat suitability (i.e. 0 to 0.1), and habitat
guality indexes. We were unable to apply this apph in this study because of the low humber
of redds and low area of habitat with high valuekabitat quality. As a result, the ratio of redd
numbers to area of habitat for high habitat qualgthues exhibits significant variation simply due
to chance. Both the number of redds and amoumaloitat at high values of habitat quality are
guite sensitive to the method used to calculatebooad suitability. When combined suitability

is calculated as the product of depth, velocity sulgistrate suitability, as is routinely done in
instream flow studies, there will be very low amtsuof high habitat quality values. For
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example, if depth, velocity and substrate all havegh suitability of 0.9, the combined
suitability would be only 0.7. In contrast, Gudyak (2000) calculated combined suitability as
the geometric mean of the individual suitabilities; the above example, the combined
suitability calculated as a geometric mean woul@ Se

We did not use a parametric test because the assumngb normality of parametric tests was
violated, as shown in Figures 19 to 24, indicatimgneed to use nonparametric tests.
Nonparametric statistical methods were appropt@tese with the large, unbalanced sample size
of this study to reduce type Il errors, since unpeed depths, velocities and substrates have a
much greater range of values than occupied dep¢hs;ities and substrates. Analogously,
Thomas and Bovee (1993) found that a minimum ad&fupied and 200 unoccupied locations
were required to reduce type Il errors. We viewhiological verification as successful because
for all three races/species, there was a greaitabsity for occupied versus unoccupied
locations, which has the biological significancattfish are preferentially selecting locations
with higher suitabilityThe successful biologicakiieation in this study increases the confidence
in the use of the flow-habitat relationships frdmststudy for fisheries management in the Yuba
River.

Habitat Smulation

There was considerable variation from site toisitihe flow-habitat relationships shown in
Appendix K. For example, the maximum habitat forirsg-run and fall-run Chinook salmon
spawning was at lower flows for Upper Daguerre, parad with the other four sites downstream
of Daguerre Point Dam, while the maximum habitatsfeelhead/rainbow trout spawning was at
higher flows for Upper Daguerre, versus three efdther four sites downstream of Daguerre
Point Dam. We attribute these differences to éhatively narrow and higher gradient channel at
Upper Daguerre, compared to the other sites belaguBrre Point Dam. As a result, velocities
at Upper Daguerre reached optimal values for spingand fall-run Chinook salmon spawning
at lower flows than the other four sites below Dege Point Dam, resulting in the maximum
habitat at a lower flow. However, Upper Daguerad Bignificant areas of 1-2 inch (2.5-5 cm)
substrate present in areas that were only inuncdteh flows, resulting in the observed
maximum habitat for steelhead/rainbow trout spag@n4,500 cfs. The overall flow-habitat
relationships for each segment, as shown in FigzBde 31, capture the inter-site variability in
flow-habitat relationships by summing the amounhtabitat for all of the sites within each
segment.

An earlier study (Beak 1989) also modeled fall-€hmnook salmon spawning habitat in the
Yuba River. As shown in Figures 50 and 51, theltegrom this study predict greater amounts
of habitat at all flows and a peak amount of halatanigher flows than the Beak (1989) study.
However, the difference between studies in the flath the peak amount of habitat varied by
reach. The differences between the results ofwtbestudies can primarily be attributed to the
following: 1) the Beak (1989) study used HSC gatext only from use data, as opposed to the
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Figure 50. Comparison of fall-run Chinook salmon flow-habitat relationship above

Daguerre Point Dam from this study and the Beak (1989) study. This study predicted
greater habitat at all flows and the peak habitat at a higher flow than the Beak (1989)

study.
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Figure 51. Comparison of fall-run Chinook salmon flow-habitat relationship below
Daguerre Point Dam from this study and the Beak (1989) study. This study predicted
greater habitat at all flows and the peak habitat at a higher flow than the Beak (1989)
study.
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criteria generated with logistic regression in #tisdy; 2) the Beak (1989) study did not apply the
method used in this report for correcting depth H&Gvailability; 3) sites for the Beak (1989)
study were placed using a mesohabitat-mapping appr@s opposed to only placing sites in
high-spawning-use areas, as was employed in tlnily;sand 4) the use of PHABSIM in the Beak
(1989) study, versus 2-D modeling in this studye Tlow-habitat results in the Beak (1989)
study likely gravitated toward lower flows, sinéetHSC, generated only from use data and
without correcting depth HSC for availability, tatgd slower and shallower conditions.
However, the difference in criteria are only respble for a portion of the differences between
the two studies, since there was a greater difter&etween the two studies for the segment
below Daguerre Point Dam, versus the segment abDageerre Point Dam. The remainder of
the difference between the two studies for the sggrnelow Daguerre Point Dam may be due to
a combination of using 2-D versus PHABSIM and modgobnly high-use spawning areas.

Using a mesohabitat-based approach for modelingripg habitat may not to take into account
salmonids’ preference for spawning in areas wighlgravel permeability (Vyverberg et al

1996), whereas having sites only in high-use spagvareas indirectly takes into account
preference for high gravel permeability (Gallaghed Gard 1999). A major assumption of this
study is that high-use spawning areas have highebpeermeability since salmonids are selecting
these areas for spawning. We attribute the mueatgr predicted amount of WUA at all flows
from this study versus Beak (1989) to our extrajpateto the entire segment based on the
percentage of the segment’s spawning that wasisttidy sites, versus Beak (1989)’s
extrapolation based on habitat mapping. Extramwdiased on the percentage of the segment’s
spawning that was in the study sites should be mccarate based on considerations of
salmonids’ preference for high gravel permeabiliajch is taken into account by the
extrapolation approach used in this study, butwitht a mesohabitat-based extrapolation
approach.

A basic assumption of all instream flow studiethat a stream is in dynamic equilibrium. When
a channel is in dynamic equilibrium, there is apragimate balance between sediment supply
and transport, so that the channel pattern and-s®stional profile of the entire stream is
consistent (Bovee 1996). For a stream in dynaipidierium, it would be expected that large
flow events would not result in a significant chang flow-habitat relationships. An
unregulated stream would be more likely to be inasyic equilibrium than a regulated stream.
Recent high flows on the Yuba River (Figure 52)éheasulted in significant channel changes.
While we do not have direct evidence that the YRbeer is in dynamic equilibrium, our

findings on the American River that the January7188od did not result in a substantial change
in chinook salmon or steelhead spawning flow-habéktionships (US Fish and Wildlife
Service 2000) offer support that the results of #tudy are still applicable to the Yuba River.
The American River has much greater dam-inducedgdw®in hydrology and sediment supply
and transport than the Yuba River.
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Figure 52. Yuba River flows below Daguerre Point Dam subsequent to the completion
of data collection for this study. High flows in May 2005 and January and April 2006
resulted in substantial channel changes in the Yuba River.
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The model developed in this study is predictivefows ranging from 400 to 4,500 cfs above
Daguerre Point Dam and from 150 to 4,500 cfs bddaguerre Point Dam. The results of this
study are intended to focus on management actidhsatemporal scale of one month, and thus
do not include an analysis of habitat during peadnés (e.g., flows above 4,500 cfs). In the
Yuba River, these events are associated with urated releases from Englebright Dam —
anyspawning that would occur in areas that are ionigdated at peak events would likely be
unsuccessful due to the redds becoming dewateissftows had dropped back down below
4,500 cfs. However, it should be noted that thea dallected in this study could be used to
simulate spawning habitat up to 11,000 cfs abovguBae Point Dam and 13,500 cfs below
Daguerre Point Dam. If there was sufficient inséia simulating spawning habitat at flows
between 4,500 and 11,000 to 13,500 cfs, an additi@port could be prepared presenting such
results.

Evaluation of Polygon Substrate Data Collection Methods
Biological Verification

The results of the one-tailed Mann-Whitney U tesligate that the standard method resulted in a
better prediction of combined suitability than gredygon method for spring-run Chinook salmon
and steelhead/rainbow trout, but that the polygethiod resulted in a better prediction of
combined suitability than the standard method &tlrrun Chinook salmon.
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Habitat ssmulation

The results of the flow-habitat comparisons (albmtll in sample size) suggest that there is no
consistent pattern and no major differences irfldve-habitat relationships for the two methods.
It also did not appear that the polygon method sugsificantly more accurate than the standard
method. Use of a total station or RTK GPS durirgphocess of polygon method data collection
might have yielded a more accurate mapping of tihstsate polygons and perhaps different
results. Given that the standard method involediecting a majority of the substrate data
simultaneously with the bed topography data wineegolygon method requires an additional
step in the data collection process, it is unliket we will utilize the polygon method in the
future.

Factors Causing Uncertainty

There are a variety of factors causing uncertamtie flow-habitat relationships given in
Appendix K. These include: 1) effects of highakin May 2005 and January and April 2006;
2) extrapolation from the study sites to the enfiuba River; 3) transmission losses in the
segment upstream of Daguerre Dam in the fall inydgyrs; 4) errors in velocity simulation;

5) errors in bathymetry data; 6) discretizatioresand density of bed topography data; 7) errors
in velocity measurements used to develop habiitdlslity criteria; 8) differences in depths and
velocities at the time of redd construction verguthe time habitat suitability criteria data were
collected; and 9) differences between sampled ggwspulation habitat suitability criteria data.
As discussed above, based on the assumption ofrdgmauilibrium, there is likely low
uncertainty in the effects of high flows in May Z0@nd January and April 2006 on the flow-
habitat relationships given in Appendix K. Theig#y of the assumption of dynamic
equilibrium for the Yuba River could be tested lbynparing flow-habitat relationships from
Professor Greg Pasternack’s topography data fad@&ierra site, which was collected prior to
the May 2005 high flows, between the May 2005 artlidry 2006 high flows and after the
January 2006 high flows — if the flow-habitat redaships from these three datasets had a similar
shape, this would support the assumption that thtgaYRiver is in dynamic equilibrium.

A low level of uncertainty is anticipated to be @sated with the extrapolation from the study
sites to the entire Yuba River, based on the nurobstudy sites and the high proportion of
Yuba River fall-run Chinook salmon (42 to 45 petgemd steelhead/rainbow trout (57 to 80
percent) spawning use found in the study sitesh Bata from Professor Greg Pasternack and
from this study suggests that there may be trarssomdosses (on the order of 10 percent) in the
fall of dry years in the segment upstream of DaguBam. There are two potential
consequences to the transmission losses for timesggipstream of Daguerre Dam: 1) we may
have underestimated the stage at the bottom it for lower flows, which would result in an
overestimate of velocities and thus an underestiofthe flow with the peak amount of
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spawning habitat; and 2) additional releases aedet:from Englebright Dam in the fall of dry
years to get the amount of habitat predicted is tbport for spring and fall-run Chinook salmon
in the segment upstream of Daguerre Dam.

We anticipate that over or under-predicted velesitvould have a minimal effect on the overall
flow-habitat relationships, given the high correlatbetween measured and predicted velocities.
Specifically, the effects of over-predicted vel@stwould be cancelled out by the effect of
under-predicted velocities. The overall flow-habitelationship is driven by the change in the
distribution of depths and velocities with flowhd distribution of velocities would not be
affected by over or under-predicted velocities bheeaover-predicted velocities would have the
opposite effect on the distribution of velocitiesumder-predicted velocities. Similarly, we
conclude that errors in bed bathymetry data, whiobld cause over-prediction or under-
prediction of depths, would have a minimal effecttioe overall flow-habitat relationships.
Specifically, the effects of over-predicted deptimild be cancelled out by the effect of under-
predicted depths. The overall flow-habitat relasioip is driven by the change in the distribution
of depths and velocities with flow. The distritmrtiof depths would not be affected by over or
under-predicted depths because over-predicted siegibld have the opposite effect on the
distribution of depths as under-predicted depifise uncertainty for this factor could be
qguantified by performing a sensitivity analysiddok at the influence of topographic uncertainty
on hydraulic results and how those propagate hedhtbitat suitability predictions.

The effects of discretization size and densityed bbpography data on the flow-habitat
relationships given in Appendix K are unknown big aot expected to be large. The magnitude
of these effects could be investigated by compahedglow-habitat relationships for the UC
Sierra Site in Appendix K with flow-habitat relatiships that could be generated by hydraulic
modeling of Professor Greg Pasternack’s bed topbgrdata (with a point density of 0.64
points/nf) for the UC Sierra site collected prior to May 800

Errors in velocity measurements used to develojtditaduitability criteria would likely be a
minor source of uncertainty on the flow-habitaatelinships given in Appendix K. Since errors
in velocity measurement are random and not biasféetts of positive errors in velocity
measurements would be cancelled out by the effew¢gative errors in velocity measurements.
The overall velocity habitat suitability curve igven by the distribution of velocities. The
distribution of velocities would not be affected fysitive or negative errors in velocity
measurements because positive errors in velocigsarements would have the opposite effect
on the distribution of velocities as negative esnorvelocity measurements.

With regards to the effects of differences in de@hd velocities at the time of redd construction
versus at the time habitat suitability criteriaadetere collected on the flow-habitat relationships
given in Appendix K, in all but one case (fall-r@Ghinook salmon above Daguerre Dam in
2002), the flows during HSC data collection wessltéhan the average flows during the period
of redd construction. Since depths and velocitiesease with flow, on average the depth and
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velocity HSC data are slightly less than the deptit velocities present during redd
construction, which would result in an underestanatthe flow with the peak amount of
spawning habitat. The degree of uncertainty irflthg-habitat relationships given in Appendix
K from differences in depths and velocities attihee of redd construction versus at the time
habitat suitability criteria data were collectedulbbe proportional to the percent variation in
flow prior to HSI data collection, as shown in T@lil3. Accordingly, there would be the most
uncertainty in the fall-run Chinook salmon flow-Iialb relationships and the least uncertainty in
the spring-run Chinook salmon flow-habitat relatibips, with regards to differences in depths
and velocities at the time of redd constructiorsusrat the time habitat suitability criteria data.

The most likely source of uncertainty in the floahitat relationships given in Appendix K
probably is the potential for differences betweamgled versus population habitat suitability
criteria data. The uncertainty from this factoulcbbe quantified by a bootstrap analysis of the
sampled HSC data to develop 95 percent confidemieHISC, which could be applied to the
hydraulic models of the ten study sites to deteen®ifi percent confidence limits for the flow-
habitat relationships given in Appendix K.

CONCLUSION

The results of this study can be used to evalug@eddfferent hydrograph management scenarios
(each of the 30 simulation flows for each of the segments in each of the 8 spawning

months — September for spring-run, October to Déegrfor fall-run, and January to April for
steelhead/rainbow trout). For example, increaiowgs from 400 cfs to 1,400 cfs upstream of
Daguerre Point Dam in September would result imarease of 61.4% of habitat during this
month for spring-run Chinook salmon spawning irs segment. Based on the conceptual model
presented in the introduction, this increase imspag habitat could decrease redd
superimposition, increasing reproductive successiwtould result in an increase in spring-run
Chinook salmon populations. Evaluation of alteneahydrograph management scenarios will
also require the consideration of flow-habitat tielaships for Chinook salmon and
steelhead/rainbow trout fry and juvenile rearingjck will be addressed in a future report. We
do not feel that there are any significant limaas of the model. This study supported and
achieved the objective of producing models predcthe availability of physical habitat in the
Yuba River for spring and fall-run Chinook salmardateelhead/rainbow trout spawning over a
range of stream flows. The results of this stugdyiatended to support or revise the flow
recommendations in the introduction. The resuithis study, showing increasing amounts of
spawning habitat with increasing flow up to 90@tb00 cfs, are consistent with the flow
recommendations in the introduction.

*>Flows downstream of Daguerre Point Dam can to sextent be modified independent of
flows upstream of Daguerre Point Dam by changeélsaramount of flow diverted at Daguerre
Point Dam.
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APPENDIX A
STUDY SITE AND TRANSECT LOCATIONS

Note: Flow direction for all study sitesisfrom XS2to XS 1.
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Appendix A

UC Sierra Study Site

Scale: 1:1793
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Appendix A

Timbuctoo Study Site

Scale: 1:569

USFWS, SFWO, Energy Pl anning and | nstream Fl ow Branch
Yuba Ri ver Spawni ng Report
August 26, 2010

95



Appendix A

Highway 20 Study Site

Scale: 1:1525
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Appendix A

Isand Study Site

Scale: 1:3275

USFWS, SFWO, Energy Pl anning and | nstream Fl ow Branch
Yuba Ri ver Spawni ng Report
August 26, 2010

97



Appendix A

Hammond Study Site

Scale: 1:2655
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Appendix A
Upper Daguerre Study Site

Scale 1:2117
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Appendix A

Lower Daguerre Study Site

Scale: 1:2959
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Appendix A

Pyramids Study Site

Scale: 1:2344
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Appendix A

Hallwood Study Site

Scale: 1:1775
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Appendix A

Plantz Study Site

Scale: 1:1592
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APPENDIX B
BED TOPOGRAPHY POINT LOCATIONS
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Appendix B

UC SIERRA STUDY SITE

Scale 1:1835
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Appendix B

TIMBUCTOO STUDY SITE

Scale: 1:7244
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Appendix B

HIGHWAY 20 STUDY SITE
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Appendix B

ISLAND STUDY SITE

Scale: 1:3684
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Appendix B
HAMMOND STUDY SITE
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Appendix B
UPPER DAGUERRE STUDY SITE
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Appendix B

LOWER DAGUERRE STUDY SITE
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Appendix B
PYRAMIDS STUDY SITE
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Appendix B

HALLWOOD STUDY SITE
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Appendix B
PLANTZ STUDY SITE
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APPENDIX C
RHABSIM WSEL CALIBRATION
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Appendix C

Table1
Stage of Zero Flow Values

Study Site XS#1SZF XS#2SZF
UC Sierra 91.0 96.8
Timbuctoo 94.6 108.1
Highway 20 86.4 90.5
Island 94.9 100.5
Hammond 89.9 93.2
Upper Daguerre 87.9 90.3
Lower Daguerre 92.7 100.6
Pyramids 93.0 97.9
Hallwood 92.2 95.1
Plantz 90.6 91.1
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Appendix C

Cadlibration Methods and Parameters Used

Study Site XS#  Flow Range Calibration Flows Method Parameters
UC Sierra 1,2 400-4,500 670, 955, 2,348, 3,077, 4,437 IFG4 ---
Timbuctoo 1,2 400-4,500 670, 955, 2,348, 3,077, 4,437 IFG4 ---
Highway 20 1 400-2,000 670, 955, 2,017 IFG4 ---
Highway 20 1 2,100-4,500 2,017, 3,077, 4,437 IFG4 ---
Highway 20 2 400-4,500 670, 955, 2,017, 3,077, 4,437 IFG4 ---
Island 1,2 400-4,500 670, 955, 2,018, 3,077, 5,273 IFG4 ---
Hammond 1,2 400-2,300 686, 955, 2,348 IFG4 ---
Hammond 1,2 2,500-4,500 2,348, 3,077, 5,273 IFG4 ---
Upper Daguerre 1,2 150-2,300 403, 665, 1,460, 2,483 IFG4 ---
Upper Daguerre 1 2,500-4,500 2,483, 3,049, 5,580 IFG4 ---
Upper Daguerre 2 2,500-4,500 2,483, 3,049, 5,450 IFG4 ---
Lower Daguerre 1,2 150-2,300 403, 665, 1,460, 2,483 IFG4 ---
Lower Daguerre 1,2 2,500-4,500 2,483, 3,049, 5,872 IFG4 ---
Pyramids 1 150-4,500 403, 665, 1,280, 3,049, 5,826 IFG4 ---
Pyramids 2 150-4,500 403, 665, 1,280, 3,049, 5,756 IFG4 ---
Hallwood 1,2 150-1,700 413, 678, 1,460, 1,710 IFG4 ---
Hallwood 1 1,800-4,500 1,710, 3,150, 6,060 IFG4 ---
Hallwood 2 1,800-4,500 1,710, 3,150, 5,920 IFG4 ---
Plantz 1,2 150-1,800 453, 678, 1,460, 1,810 IFG4 ---
Plantz 1 1,900-4,500 1,810, 3,150, 6,180 IFG4 ---
Plantz 2 1,900-4,500 1,810, 3,150, 6,250 IFG4 ---
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Appendix C
UC Sierra Study Site

Difference (measured vs. pred. WSELS)

Calculated vs Given Discharge (%)
955 2,348 3,077 4437

2348 3,077 4437 670

0.4 3.6 0.03 0.02
0.03 0.01 0.04 0.05

BETA %MEAN
COEFF. ERROR 670 955

2.7 31 14 52
0.7 3.3 3.5 0.03

0.08 0.01 0.07

1 2.33

2 2.83 3.1 4.0 3.7

Timbuctoo Study Site

Difference (measured vs. pred. WSELS)
670 955 2,348 3077 4437

0.01 0.09 0.05

Calculated vs Given Discharge (%)

2,348 3,077 4437
5.2 23 0.03 0.06
004 005 003 002 o001

BETA %MEAN
COEFF. ERROR 670 955
32 52 06
63 22 19 07

1 2.81 3.3
2 3.07 3.2 4.8

Highway 20 Study Site

Calculated vs Given Discharge (%) Difference (measured vs. pred. WSELS)

BETA %MEAN
XS COEFF. ERROR 670 955 2,017 670 955 2,017
3.3 53 2.2 0.03 0.05 0.03

1 3.23 3.7

Calculated vs Given Discharge (%) Difference (measured vs. pred. WSELS)

BETA %MEAN
XS COEFF. ERROR 2,017 3.077 4,437 2,017 3,077 4,437
1 2.27 0.6 0.4 0.9 0.5 0.01 0.02 0.01

Difference (measured vs. pred. WSELS)
670 955 2,017 3,077 4437

0.03 0.02 0.01

Calculated vs Given Discharge (%)
2017 3,077 4,437
1.9 0.7 0.04 0.05

BETA %MEAN
COEFF. ERROR 670 955
4.8 6.3 2.2

XS

2 3.07 3.2
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Appendix C

Island Study Site
BETA %MEAN Calculated vs Given Discharge (%) Difference (measured vs. pred. WSELS)
XS COEFF. ERROR 670 955 2,018 3,077 5273 670 955 2,018 3,077 5273
1 2.79 20 2.8 2.3 12 15 2.2 0.02 0.02 0.01 0.02 0.04
2 3.22 3.7 4.7 3.6 1.7 3.7 4.8 0.04 0.03 0.02 0.05 0.07
Hammond Study Site
BETA %MEAN Calculated vs Given Discharge (%) Difference (measured vs. pred. WSELS)
XS COEFF. ERROR 686 955 2,348 686 955 2,348
1 2.49 2.2 23 33 1.0 0.02 0.04 0.02
2 2.94 3.0 3.0 4.3 14 0.03 0.05 0.02
BETA %MEAN Calculated vs Given Discharge (%) Difference (measured vs. pred. WSELS)
XS COEFF. ERROR 2,348 3,077 5,373 2,348 3,077 5,373
1 3.12 0.8 0.8 12 0.4 0.01 0.02 0.01
2 3.84 1.0 1.0 15 0.6 0.01 0.02 0.01
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Appendix C

Upper Daguerre Study Site

BETA %MEAN Calculated vs Given Discharge (%)
XS COEFF. ERROR 403 665 1,460 2,483
1 3.13 35 5.2 74 0.8 0.9
2 3.05 4.3 6.1 7.6 14 24
BETA %MEAN Calculated vs Given Discharge (%)
XS COEFF. ERROR 2,483 3,049 5,580
1 2.73 0.3 0.4 05 0.1
BETA %MEAN Calculated vs Given Discharge (%)
XS COEFF. ERROR 2,483 3,049 5,450
2 2.33 0.8 0.9 12 0.3
Lower Daguerre Study Site
BETA %MEAN Calculated vs Given Discharge (%)
XS COEFF. ERROR 403 665 1,460 2,483
1 3.05 53 7.0 8.2 2.8 33
2 2.98 29 4.3 6.1 0.8 0.8
BETA %MEAN Calculated vs Given Discharge (%)
XS COEFF. ERROR 2,483 3,049 5,872
1 2.17 0.1 0.1 0.2 0.05
2 2.40 0.1 0.1 0.2 0.05
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Difference (measured vs. pred. WSELS)

403 665 1,460 2,483
0.04 0.07 0.01 0.01
0.05 0.07 0.02 0.03

Difference (measured vs. pred. WSELS)

2,483 3,049 5,580
0.01 0.01 0.00

Difference (measured vs. pred. WSELS)

2,483 3,049 5,450
0.02 0.02 0.01

Difference (measured vs. pred. WSELS)

403 665 1,460 2,483
0.07 0.08 0.04 0.06
0.03 0.04 0.01 0.01

Difference (measured vs. pred. WSELS)

2,483 3,049 5872
0.00 0.01 0.00
0.00 0.00 0.00



Appendix C

Pyramids Study Site

BETA %MEAN Calculated vs Given Discharge (%)

XS COEFF. ERROR 403 665 1,280 3,049 5,826

1 2.50 1.9 2.6 2.8 15 2.1 0.5
BETA %MEAN Calculated vs Given Discharge (%)

XS COEFF. ERROR 403 665 1,280 3,049 5,756

2 2.65 6.2 12.2 131 31 0.0 23
Hallwood Study Site
BETA %MEAN Calculated vs Given Discharge (%)

XS COEFF. ERROR 413 678 1,460 1,710
1 2.50 19 1.0 0.8 3.0 2.7
2 3.37 2.60 18 2.6 2.6 35

BETA %MEAN Calculated vs Given Discharge (%)

XS COEFF. ERROR 1,710 3,150 6,060

1 2.23 11 0.9 1.7 0.8
BETA %MEAN Calculated vs Given Discharge (%)

XS COEFF. ERROR 1,710 3,150 5,920

2 2.78 0.8 0.7 13 0.6
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Difference (measured vs. pred. WSELS)
403 665 1,280 3,049 5,826

0.02 0.03 0.02 0.04 0.01

Difference (measured vs. pred. WSELS)
403 665 1,280 3,049 5,756

0.08 0.09 0.03 0.00 0.04

Difference (measured vs. pred. WSELS)

413 678 1,460 1,710
0.01 0.02 0.04 0.04
0.01 0.02 0.03 0.04

Difference (measured vs. pred. WSELS)

1,710 3,150 6,060
0.01 0.04 0.02

Difference (measured vs. pred. WSELS)

1,710 3,150 5,920
0.01 0.02 0.01



Appendix C

BETA %MEAN

XS COEFF. ERROR

1 2.79 2.8

2 164 16

BETA
XS COEFF.

%MEAN
ERROR

Plantz Study Site

Calculated vs Given Discharge (%)

453 678 1,460 1,810
31 52 2.5 0.2
2.1 3.0 0.2 1.2

Calculated vs Given Discharge (%)

1 2.36 19

BETA
XS COEFF.

%MEAN
ERROR

1,810 3,150 6,180
16 2.9 1.2

Calculated vs Given Discharge (%)

2 2.89 12

1,810 3,150 6,250
1.0 2.1 0.9
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Difference (measured vs. pred. WSELS)

453 678 1,460 1,810
0.02 0.05 0.03 0.00
0.02 0.03 0.00 0.02

Difference (measured vs. pred. WSELS)

1,810 3,150 6,180
0.02 0.05 0.03

Difference (measured vs. pred. WSELS)

1,810 3,150 6,250
0.01 0.03 0.02
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VELOCITY ADJUSTMENT FACTORS
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Appendix D

UC Sierra Study Site

UC Sierra
Velocity Adjustment Factors
Discharge Xsec 1 Xsec 2
400 0.62 0.32 = 1.80
600 0.68 0.43 = 1.60 -
]
800 8-71 2-23 L 1.40 .
1,000 .74 .61 = |
1.200 0.77 0.69 c 120
’ 0.79 0.77 £ 1.00-
1,400 . . 17
1,600 0.82 0.84 .2, 0.80 -
T
1,800 0.83 0.90 < 0.60 -
>
2,000 0.85 0.96 2 040 -
2300 0.88 1.05 O
’ S 020
2,500 0.89 111 o
2,900 0.92 1.21 = 0.00 ‘ ‘ ‘ ‘
3,300 0.95 1.31 0 1000 2000 3000 4000
3,700 0.98 1.40 .
4,100 1.00 1.49 Discharge (cfs)
4,500 1.02 1.57

e XSl —m—XS2

Timbuctoo Study Site

Velocity Adjustment Factors Timbuctoo

Discharge Xsec 1 Xsec 2

400 0.46 0.39 = 2.00

600 0.56 0.51 *g 1.80 4

800 0.64 0.62 . 1.60 -

1,000 0.70 0.71 ‘GEJ 1.40 -

1,200 0.75 0.80 = 1.20 -

1,400 0.80 0.88 ‘g 1.00 -

1,600 0.83 0.96 S 0.80 |

1,800 0.87 1.03 i 0.60 -

2,000 0.91 1.14 ‘S 040 -

2,300 0.94 1.20 % 0.20 -

2,500 0.97 1.26 > 0.00 | | | |

2,900 1.02 1.38 0 1000 2000 3000 4000

1.06 1.49

2?88 1.09 1.60 Discharge (cfs)

4,100 1.13 1.69 e xSl —m— XS2

4,500 1.16 1.79
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Appendix D

Discharge
400
600
800

1,000
1,200
1,400
1,600
1,800
2,000
2,300

2,500
2,900
3,300

3,700
4,100
4,500

Discharge
400
600
800

1,000
1,200
1,400
1,600
1,800
2,000
2,300

2,500
2,900
3,300
3,700
4,100
4,500

Velocity Adjustment Factors

Xsec 1
0.79
0.84
0.88
0.91
0.93
0.96
0.98
1.00
1.02
1.03

1.01

1.00
0.99

0.98

0.98
0.97

Velocity Adjustment Factors

Xsec 1
0.27
0.38
0.48
0.56
0.65
0.73
0.80
0.87
0.94
1.04

1.11
1.23
1.34
1.45
1.56
1.66

Highway 20 Study Site

Xsec 2
0.91
0.92
0.94
0.95
0.97
0.98
1.00
1.02
1.03
1.05

1.07

1.09
1.12

1.14

1.16
1.19

Velocity Adjustment Factor

1.40

Highway 20

1.20 +

1.00 -

0.80 +

0.60 +

0.40 -

0.20

0.00
0

Island Study Site

Xsec 2
0.29
0.40
0.51
0.60
0.69
0.77
0.85
0.92
1.00
1.10

1.17
1.29
1.41
1.53
1.64
1.74

Velocity Adjustment Factor

2.00

1000 2000 3000 4000

Discharge (cfs)

—e—XS1 —m—XxS2

Island

1.80 -
1.60 -
1.40
1.20
1.00 -
0.80 +
0.60 ~
0.40
0.20 +

0.00
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Appendix D

Hammond Study Site

. Hammond
Velocity Adjustment Factors
Discharge Xsec 1 Xsec 2
400 0.42 0.33 s 1.60
600 0.52 0.43 B 1.40 -
©

800 0.60 0.51 L0 |
1,000 0.67 0.59 =
1,200 0.73 0.65 g 1.00 -
1,400 0.79 0.71 g 0.80 |

0.84 0.77 =
1,609 T 060 -
1,800 0.89 0.82 <
2,000 0.93 0.87 2 040 -
2,300 0.99 0.93 3 020 -

1.03 0.98 o
2’288 1.12 1.08 > 0.00 ‘ ‘ ‘ ‘
3.300 1.21 1.17 0 1000 2000 3000 4000
3,700 1.28 1.26 :
4,100 1.36 1.34 Discharge (cfs)
4,500 1.43 1.42

—&— XS]l —8—XS2

Upper Daguerre Study Site
Upper Daguerra

Velocity Adjustment Factors

Discharge Xsec 1 Xsec 2
150 0.18 0.23 _ 140
300 0.28 0.34 o
400 0.34 0.40 g 1.20 4
600 0.44 0.49 L
= 1.00 -
800 0.52 0.56 S
1,000 0.59 0.63 £ 0.80 -
1,200 0.66 0.69 a
= 0.60 -
1,400 0.72 0.74 2
1,600 0.78 0.79 . 0.40 -
1,800 0.83 0.84 =
(&S]
2,000 0.89 0.88 o 020+
2,300 0.96 0.94 g
2,700 1.04 0.97 0.00 ‘ ‘ ‘ ‘
3,300 1.14 1.03 0 1000 2000 3000 4000
4,100 1.27 1.09 _
4,500 1.32 1.12 Discharge (cfs)

— e XS1 —m—XxS2
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Appendix D

Lower Daguerre Study Site

Velocity Adjustment Factors Lower Daguerra
Discharge Xsec 1 Xsec 2
150 0.43 0.21 140
300 0.52 0.32 S
400 0.57 0.38 g 1.20 -
600 0.64 0.47 i
800 0.70 0.55 s
1,000 0.75 0.62 € 080 -
1,200 0.79 0.69 ‘é—,_’ 0.60 |
1,400 0.83 0.74 2
1,600 0.87 0.79 >, 0.40 -
1,800 0.90 0.84 S
2,000 0.93 0.89 S 0209
2,300 0.97 0.95 > 0.00 ‘ ‘ ‘ ‘
%;88 i-gé 1-82 0 1000 2000 3000 4000
2,288 i.gg ﬁg Discharge (cfs)

—e— XS]l —m—XS2

Pyramids Study Site

Velocity Adjustment Factors Pyram ids

Discharge Xsec 1 Xsec 2

150 0.63 0.36 _ 250

300 0.77 0.55 2

400 0.84 0.64 E'E 200 -

600 0.92 0.80 =

800 0.95 0.92 GEJ 150 |

1,000 0.97 1.03 =

1,200 0.98 1.12 3

1,400 0.99 1.21 2 1oy

1,600 0.99 1.28 >

1,800 1.00 1.35 g 0307

2,000 1.00 1.42 ©

2,300 1.01 1.51 > 0.00 ‘ ‘ ‘ ‘
2,700 1.02 1.63 0 1000 2000 3000 4000
3,300 1.04 1.78

4,100 1.06 1.96 Discharge (cfs)

4,500 1.08 2.04

—e— XS]l —m—XS2
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Appendix D

Hallwood Study Site

o Hallwood
Velocity Adjustment Factors
Discharge Xsec 1 Xsec 2
150 0.15 0.44 = 1.80
300 0.26 0.55 5 1.60 -
400 0.33 0.61 $ 140
600 0.44 0.69 =
S 1.20 -
800 0.54 0.75 =
£ 1.00 -
1,000 0.64 0.81 7
1,200 0.72 0.86 = 0.80 -
1,400 0.80 0.90 < 0.60 -
1,600 0.87 0.95 2 040 -
1,800 0.93 1.00 S 020 | /
2,000 0.99 1.03 R
> 0.00 ‘ ‘ ‘ ‘
2,300 1.07 1.06
2700 117 110 0 1000 2000 3000 4000
3,300 1.31 1.15 :
4,100 1.47 121 Discharge (cfs)
4,500 1.55 1.24

—&— XS]l —8—XS2

Plantz Study Site

Velocity Adjustment Factors Plantz
Discharge Xsec 1 Xsec 2
150 0.35 0.43 _ 180
o
300 0.49 0.58 2 160 -
400 0.56 0.65 @
LL i
600 0.66 0.77 = 1.40
800 0.74 0.86 2 1.20 1
1,000 0.81 0.94 = 1.00 -
1,200 0.87 1.01 3. 0.80 -
©
1,400 0.92 1.07 < 0.60
>
1,600 0.97 1.13 2 040
1,800 1.01 1.18 O
9 0.20 -
2,000 1.05 1.25 T
2,300 1.09 1.32 > 0.00 ‘ ‘ ‘ ‘
2,700 1.13 1.40 0 1000 2000 3000 4000
3,300 1.19 1.51
4,100 1.26 1.64 Discharge (cfs)
4,500 1.29 1.71

—¢—XS1 —m—XS2
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APPENDIX E
BED TOPOGRAPHY OF STUDY SITES
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Appendix E
UC SIERRA STUDY SITE

Bed Elevation

3700
35.95
3440
3336

3178
3071
9,66

T
T AT
6 .52

Scale: 1:1835
Units of Bed Elevation are in meters, in 10 equal increments from the lowest to the highest bed elevation in the site.
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Appendix E
A TIMBUCTOO STUDY SITE

Bed Elevation

Bed Elevation

4400
4228
4076
344

3752

3589
3427
3265
31.03
2041
5770

Scale: 1:2277 Scale: 1:2163
Units of Bed Elevation are in meters, in 10 equal increments from the lowest to the highest bed elevation in the site.
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Appendix E
TIMBUCTOO STUDY SITE (CONTINUED)

Bed Elevation

44.00
4238

4076
30,14
7T )
3680 Q\?j/
3427
32ES

3.0z
A |

2r.ra

Scale: 1:1410 B

Units of Bed Elevation are in meters, in 10 equal increments from the lowest to the highest bed elevation in the site.

USFWS5, SFWO, Energy Pl anning and | nstream Fl ow Branch
Yuba Ri ver Spawni ng Report
August 26, 2010

132



Appendix E -
HIGHWAY 20 STUDY SITE Bed Elevation

33.00
N 3188
005
7093
R0

-
Flow 2636

Scale 1:1851
Units of Bed Elevation are in meters, in 10 equal increments from the lowest to the highest bed elevation in the site.
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Appendix E -
Ben Slevatian ISLAND STUDY SITE

34.20

3344
3267

Scale: 1:3275
Units of Bed Elevation are in meters, in 10 equal increments from the lowest to the highest bed elevation in the site.

USFWS, SFWO, Energy Pl anning and | nstream Fl ow Branch
Yuba Ri ver Spawni ng Report
August 26, 2010
134



Appendix E
_ HAMMOND STUDY SITE
Eed Elevation

35.76 N
54,79
33 &1
3284
S ET
- e
30080

29,92
2885

2795

2700
26.03

Scale: 1:2961
Units of Bed Elevation are in meters, in 10 equal increments from the lowest to the highest bed elevation in the site.
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Appendix E

3

UPPER DAGUERRE STUDY SITE . il

Bed Elevation ™
350

3278

32.06

334
3062
2840
2918
25.46
2774
2702

26.30

Scale 1:1034
Units of Bed Elevation are in meters, in 10 equal increments from the lowest to the highest bed elevation in the site.
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Appendix E
LOWER DAGUERRE STUDY SITE

Bed Elevation N
33.70 A
3315
3250

3204

Bt

-

30,93
3038
2982
2927
2671

e

Scale: 1:1808
Units of Bed Elevation are in meters, in 10 equal increments from the lowest to the highest bed elevation in the site.
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Appendix E

N
Bed Elevation A

37.00

PYRAMIDSSTUDY SITE

36.04
3508

3413
3317
322
325
3029

29,34
28.38

27 42

Scale: 1:2084
Units of Bed Elevation are in meters, in 10 equal increments from the lowest to the highest bed

elevation in the site.
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Appendix E

Bed Elevation HALLWOOD STUDY SITE

3240
N

74
08

Scale: 1:1459
Units of Bed Elevation are in meters, in 10 equal increments from the lowest to the highest bed

elevation in the site.
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Appendix E
Eed Elevation
3200

3142
054 A

3026

PLANTZ STUDY SITE

2958

2910
2852
27 94

37 36
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95 20

Scale: 1:1213 :
Units of Bed Elevation arein meters, in 10 equal increments from the lowest to the highest bed

elevation in the site.
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APPENDIX F
2-D WSEL CALIBRATION
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Appendix F

Cdlibration Statistics

Site Name Cal Q (cfs) 9% Nodes within0.1' Nodes QI  NetQ SolA Max F
UC Sierra 4,500 76% 12559 030 0.04% <.000001 521
Timbuctoo 4,500 75% 24,956 0.30 0.9% .000003 1.31
Highway 20 4,500 79% 16,718 030 0.02% <.000001 1.38
Island 4,500 79% 18,572 0.30 0.1% <.000001 4.44
Hammond 3,077 79% 9,998 0.31 0.1% .000001 341
Upper Daguerre 3,049 87% 7,151 0.31 0.2% .000008 0.66
Lower Daguerre 3,049 92% 12,462 0.31 0.2% .000009 0.93
Pyramids 4,500 87% 10,576  0.30 0.1% .000009 0.77
Hallwood 3,150 85% 8,808 0.30 0.04% .000003 0.92
Plantz 3,150 90% 8,096 0.30 0.03% .000009 2.89
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Appendix F

XSEC

XSEC

XSEC

XSEC

2LB
2RB

UC Sierra Site

Difference (measured vs. pred. WSELS)

Br Multiplier Average Standard Deviation M aximum
0.5 0.02 0.04 0.08
Timbuctoo Site
Difference (measured vs. pred. WSELYS)
Br Multiplier Average Standard Deviation M aximum
0.7 0.04 0.03 0.08
Highway 20 Site
Difference (measured vs. pred. WSELS)
Br Multiplier Average Standard Deviation M aximum
1 0.04 0.04 0.10
Island Site
Difference (measured vs. pred. WSELYS)
Br Multiplier Average Standard Deviation M aximum
0.5 0.04 0.03 0.11
0.5 0.08 0.003 0.09
0.5 0.01 0.004 0.02
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XSEC

2LB
2RB

XSEC

2LB
2RB

XSEC

Hammond Site

Difference (measured vs. pred. WSELS)

Br Multiplier Average Standard Deviation M aximum
0.3 0.05 0.05 0.12
0.3 0.002 0.05 0.08
0.3 0.09 0.006 0.10
Upper Daguerre Site
Difference (measured vs. pred. WSELYS)
Br Multiplier Average Standard Deviation M aximum
0.9 0.02 0.08 0.17
0.9 0.03 0.03 0.06
0.9 0.001 0.05 0.08
Lower Daguerre Site
Difference (measured vs. pred. WSELS)
Br Multiplier Average Standard Deviation M aximum
0.5 0.01 0.03 0.07
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XSEC

XSEC

2LB
2RB

XSEC

2LB
2RB

Pyramids Site

Difference (measured vs. pred. WSELS)

Br Multiplier Average Standard Deviation M aximum
04 0.01 0.08 0.17
04 0.004 0.03 0.07
Hallwood Site
Difference (measured vs. pred. WSELYS)
Br Multiplier Average Standard Deviation M aximum
0.8 0.05 0.06 0.17
0.8 0.0002 0.03 0.06
0.8 0.05 0.03 0.10
Plantz Site
Difference (measured vs. pred. WSELS)
Br Multiplier Average Standard Deviation M aximum
0.3 0.04 0.04 0.11
0.3 0.03 0.03 0.09
0.3 0.10 0 0.10
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APPENDIX G
VELOCITY VALIDATION STATISTICS

SiteName Number of Correlation Between Measured and
Observations Simulated Velocities

UC Sierra 323 0.64
Timbuctoo 763 0.79
Highway 20 323 0.74
Island 579 0.70
Hammond 377 0.75
Upper Daguerre 173 0.64
Lower Daguerre 302 0.82
Pyramids 288 0.71
Hallwood 316 0.78
Plantz 242 0.79

Measured Ve ocities less than 3 ft/s

Difference (measured vs. pred. velocities, ft/s)

SiteName Number of Average Standard Deviation ~ Maximum
Observations

UC Sierra 186 0.95 1.00 4.61
Timbuctoo 432 0.77 0.76 4.95
Highway 20 135 0.73 0.60 3.75
Island 270 0.96 0.92 7.84
Hammond 227 0.70 0.82 5.44
Upper Daguerre 99 0.96 0.74 3.40
Lower Daguerre 125 1.09 0.81 4.24
Pyramids 183 114 0.93 3.45
Hallwood 129 0.91 0.80 3.70
Plantz 143 0.68 0.71 3.64

All differences were calculated as the absolute value of the difference between the measured and
simulated velocity.
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Appendix G

Measured Velocities greater than 3 ft/s

Percent difference (measured vs. pred. velocities)

SiteName Number of Average Standard Deviation =~ Maximum
Observations

UC Sierra 137 32% 21% 97%
Timbuctoo 331 23% 20% 154%
Highway 20 188 23% 19% 100%
Island 309 27% 16% 98%
Hammond 150 24% 24% 125%
Upper Daguerre 74 20% 18% 76%
Lower Daguerre 177 15% 13% 59%
Pyramids 105 23% 21% 97%
Hallwood 187 20% 14% 70%
Plantz 99 22% 15% 63%

All differences were calculated as the absolute value of the difference between the measured and

simulated velocity.
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Appendix G
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Appendix G
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Appendix G
UC Sierra Study Deep Beds E, Q1= 2124 cfs
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LIC Sierra Study Deep Beds |, Q=2124 cfs

0o t t t t t t 1

393 393 397 399 401 403 409 407
Horthing {mj

UC Siera Study Deep Beds J, Q= 2124 cfs

408

35 1

30+

Wl ocity (mfs)

10 +

0o t f f f f f
442 444 446 448 450 452 484
Horthing {mj}

—20 Simulated Velociies — Measured Velocities

USFWS, SFWO, Energy Pl anning and | nstream Fl ow Branch
Yuba River Spawning Draft Report
August 26, 2010

456

20

oo

UC Sierra Study Deep Beds K, Q= 2124 cfs

447

20

oo

151

445 449 450 451 452 433 454
Horthing im)

UC Sierra Study Deep Beds L, Q= 2124 cfs

454

4455 488 457 453 459 480 461 452
Horthing {m)

— -0 Simulated velociies — Measured Velociies



Appendix G

LIC Sietrs Study Deep Beds M, Q= 2124 cfs
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UC Sierra Study Deep Beds Q, Q= 733 ¢fs
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UC Sierra Study Site
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Appendix G

Timbuctoo Study Site

Timbuctoo Study Site X511, Q= 2348 cfs
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Timbuctoo Study Site Deep Beds A, Q = 2143 cfs

Timbuctoo Study Site Deep Beds C, Q = 2143 cfs
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Timbuctoo Study Site Deep Beds |, Q = 2143 cfs Timbuctoo Study Site Deep Beds K, G = 2143 cfs
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Timbuctoo Study Site Deep Beds M, Q = 2123 cfs
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Timbuctoo Study Site Deep Beds O, Q= 2123 ¢fs
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Timbuctoo Study Site Deep Beds U, Q= 2123 ofs
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Timbuctoo Study Site Deep Beds Y, Q= 2123 cfs
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Timbuctoo Study Site Deep Beds AC, Q = 2123 cfs
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Timbuctoo Study Site Deep Beds AG, Q = 2506 cfs
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Simulated Velocity (m/fs)
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Highway 20 Study Site
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Upper Daguerre Site at 150 cfs
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Lower Daguerre Site at 150 cfs
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Pyramids Site at 150 cfs

2500
2000
1500 -
=
(<]
cC
7]
=
-
m
[T
1000
50N
i a01 a0z 003 0.04 0.05 0.05
Eddy\/iscasily im 7=
Pyramids Site at 4,500 cfs
11040
1004
a0 1
S0 1
T
ol
& 500
[
e |
=l
T LS -
s
400
500
200
- I I I
ﬂ 1 1 1 1 1 1 1 1 1 1 1 . - [ —
S I S R S R R T ORI
ot et al on oot oot ar @0 MM Y oY et et 2

R
L Ly
Edely Vizcosity im /s
USFWS, SFWO, Energy Pl anning and | nstream Fl ow Branch

Yuba Ri ver Spawni ng Report
August 26, 2010 222




Appendix H
Hallwood Site at 150 cfs
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Appendix H
Plantz Site at 150 cfs
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Appendix H

UC Sierra Study Site
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Appendix H

UC Sierra Study Site

Qip =708 ms

Valocity (mis)
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Appendix H

UC Sierra Study Site
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Appendi>_< H

UC Sierra Study Site
Qip =708 mis
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Appendix H

Welocity
0.5 mis
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APPENDIX |
SIMULATION STATISTICS

USFWS, SFWO, Energy Pl anning and | nstream Fl ow Branch
Yuba Ri ver Spawni ng Report
August 26, 2010

230



Appendix |

UC Sierra Site

Flow (cfs) Net Q Sol A Max F
400 0.2% <.000001 247
500 0.1% .000008 2.15
600 0.2% <.000001 2.70
700 0.1% <.000001 4.19
800 0.1% <.000001 3.78
900 0.1% <.000001 2.69
1,000 0.1% <.000001 2.52
1,100 0.1% .000006 1.94
1,200 0.1% .000002 1.73
1,300 0.1% .000002 1.66
1,400 0.1% .000002 3.25
1,500 0.1% .000008 241
1,600 0.2% .000002 2.35
1,700 0.2% <.000001 6.09
1,800 0.2% <.000001 3.30
1,900 0.2% <.000001 2.45
2,000 0.2% .000008 2.93
2,100 0.1% <.000001 4.87
2,300 0.1% <.000001 1.94
2,500 0.2% <.000001 1.93
2,700 0.3% <.000001 1.98
2,900 0.1% .000001 6.17
3,100 0.1% .000003 4.28
3,300 0.1% .000003 4.62
3,500 0.1% .000001 5.24
3,700 0.04% <.000001 14.57
3,900 0.1% <.000001 11.97
4,100 0.1% <.000001 7.48
4,300 0.05% <.000001 6.09
4,500 0.04% <.000001 521
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Appendix |

Timbuctoo Site

Flow (cfs) Net Q Sol A Max F
400 2.7% .000003 1.33
500 1.7% .000005 1.38
600 0.01% .000008 1.34
700 1.3% .000001 1.52
800 1.4% .000006 1.74
900 1.1% .000002 1.63

1,000 1.1% .000001 1.61
1,100 1.2% .000008 1.52
1,200 1.1% .000001 1.49
1,300 1.1% .000001 1.58
1,400 1.1% .000003 1.58
1,500 1.1% .000003 1.67
1,600 1.1% .000002 1.56
1,700 0.9% .000007 2.55
1,800 0.8% .000002 1.55
1,900 0.8% .000002 1.68
2,000 0.7% <.000001 2.08
2,100 0.6% .000001 1.90
2,300 0.5% <.000001 1.61
2,500 0.5% .000002 1.43
2,700 0.4% .000005 1.69
2,900 0.5% .000004 2.82
3,100 0.7% .000002 2.25
3,300 0.8% .000002 1.97
3,500 0.6% .000006 1.76
3,700 0.6% <.000001 1.63
3,900 0.6% <.000001 1.52
4,100 0.5% .000001 1.44
4,300 0.5% .000002 1.36
4,500 0.9% .000003 13.1
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Appendix |

Highway 20 Site

Flow (cfs) Net Q Sol A Max F
400 0.1% .000007 1.38
500 0.1% .000006 1.09
600 0.02% .000004 1.21
700 0.02% .000005 351
800 0.04% .000004 1.75
900 0.01% .000007 1.27

1,000 0.1% .000004 1.66
1,100 0.1% <.000001 1.02
1,200 0.1% .000002 1.10
1,300 0.1% .000006 1.29
1,400 0.1% .000001 1.36
1,500 0.1% .000002 141
1,600 0.02% .000007 1.45
1,700 0.04% .000006 1.43
1,800 0.1% .000006 1.28
1,900 0.04% .000006 1.15
2,000 0.1% .000009 1.06
2,100 0.03% <.000001 1.14
2,300 0.01% .000008 491
2,500 0.03% .000009 1.67
2,700 0.01% .000006 1.15
2,900 0.01% .000008 0.96
3,100 0.02% .000008 0.86
3,300 0.02% .000004 1.15
3,500 0.03% .000009 2.76
3,700 0.02% .000004 2.37
3,900 0.01% <.000001 2.16
4,100 0.03% .000007 1.32
4,300 0.03% <.000001 2.00
4,500 0.02% <.000001 1.38
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Appendix |

Island Site
Flow (cfs) Net Q Sol A Max F

400 0.5% .000006 2.27
500 0.5% .000006 211
600 0.6% 000005 2.02
700 0.6% <.000001 3.33
800 0.6% .000002 2.23
900 1.1% .000004 2.19
1,000 3.3% .000002 2.15
1,100 0.4% .000004 2.30
1,200 0.4% .000003 2.13
1,300 0.3% .000003 211
1,400 0.3% .000003 2.08
1,500 0.3% 000005 2.06
1,600 0.3% .000001 2.05
1,700 0.6% .000002 10.91
1,800 0.2% .000001 8.00
1,900 0.2% <.000001 5.70
2,000 0.2% .000002 4.54
2,100 0.2% 000005 3.99
2,300 0.3% .000001 2.87
2,500 0.3% .000003 2.44
2,700 0.4% .000002 2.20
2,900 0.7% <.000001 2.08
3,100 2.3% .000004 1.64
3,300 0.01% .000003 1.64
3,500 0.02% .000009 1.77
3,700 0.05% .000002 1.93
3,900 0.01% .000002 2.27
4,100 0.1% .000001 2.72
4,300 0.1% <.000001 3.40
4,500 0.1% <.000001 4.44
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Appendix |

Hammond Site

Flow (cfs) Net Q Sol A Max F
400 0.1% .000001 1.92
500 0.1% .000006 2.30
600 0.1% 000005 1.67
700 0.1% .000003 1.46
800 0.1% .000004 1.47
900 0.1% .000002 141

1,000 0.1% <.000001 1.53
1,100 0.1% <.000001 1.47
1,200 0.1% <.000001 1.38
1,300 0.04% .000002 2.01
1,400 0.03% <.000001 2.29
1,500 0.1% .000002 2.03
1,600 0.02% 000005 1.82
1,700 0.01% .000002 1.69
1,800 0.02% .000001 1.56
1,900 0.02% .000002 1.59
2,000 0.02% .000002 1.60
2,100 0.04% .000001 1.63
2,300 0.04% <.000001 1.66
2,500 0.1% <.000001 1.68
2,700 0.1% <.000001 1.70
2,900 0.04% <.000001 1.71
3,100 0.1% .000007 1.73
3,300 0.1% .000002 2.26
3,500 0.1% <.000001 2.32
3,700 0.1% <.000001 542
3,900 0.1% <.000001 4.99
4,100 0.1% .000009 514
4,300 0.1% .000003 6.35
4,500 0.03% .000001 7.01
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Appendix |

Upper Daguerre Site
Flow (cfs) Net Q Sol A Max F
150 4.5% .000001 0.79
250 2.0% .000008 1.25
300 1.6% .000008 1.18
350 1.4% < .000001 1.12
400 1.4% .000009 0.99
500 0.99% .000008 0.89
600 0.7% .000002 0.74
700 0.6% .000007 0.69
800 0.5% .000007 0.67
900 0.4% .000007 0.67
1,000 0.4% .000006 0.67
1,100 0.3% .000006 0.67
1,200 0.1% .000004 0.67
1,300 0.2% .000005 0.68
1,400 0.2% .000005 0.67
1,500 0.2% .000005 0.65
1,600 0.2% .000004 0.64
1,700 0.1% .000001 0.64
1,800 0.1% .000002 0.64
1,900 0.1% .000005 0.69
2,000 0.1% .000005 0.68
2,100 0.2% .000007 0.62
2,300 0.2% .000007 0.64
2,500 0.1% .000007 0.69
2,700 0.1% .000007 0.67
2,900 0.1% .000008 0.67
3,300 0.1% < .000001 0.65
3,700 0.1% .000005 0.64
4,100 0.02% .000007 0.64
4,500 0.1% .000005 0.64
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Appendix |

Lower Daguerre Site

Flow (cfs) Net Q Sol A Max F
150 1.9% .000002 1.53
250 0.1% .000001 1.53
300 0.4% <.000001 151
350 0.3% <.000001 1.44
400 0.4% .000001 141
500 0.2% .000009 1.28
600 0.1% .000008 1.14
700 0.1% .000008 111
800 0.1% .000009 1.03
900 0.1% <.000001 0.99

1,000 0.04% <.000001 1.01
1,100 0.03% .000006 1.05
1,200 0.1% .000007 1.07
1,300 0.1% .000002 1.08
1,400 0.1% .000001 1.15
1,500 0.02% .000006 1.12
1,600 0.02% <.000001 1.22
1,700 0.02% .000009 1.18
1,800 0.04% .000006 111
1,900 0.02% .000007 1.28
2,000 0.02% .000004 1.16
2,100 0.02% .000008 1.17
2,300 0.02% .000008 1.23
2,500 0.03% .000008 1.18
2,700 0.03% .000008 1.08
2,900 0.001% .000001 0.99
3,300 0.04% .000007 0.97
3,700 0.1% .000002 0.89
4,100 0.3% .000003 0.84
4,500 0.3% .000002 0.79
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Appendix |

Pyramids Site
Flow (cfs) Net Q Sol A Max F
150 12.9% .000004 6.40
250 11.2% .000004 1.86
300 7.1% .000002 3.66
350 9.6% .000002 4.57
400 7.4% .000002 3.07
500 5.2% .000004 2.85
600 8.7% <.000001 2.20
700 5.4% <.000001 1.76
800 4.7% <.000001 211
900 0.04% <.000001 212
1,000 0.04% .000004 1.92
1,100 0.1% .000006 1.92
1,200 0.1% <.000001 1.87
1,300 0.1% .000003 1.84
1,400 0.1% .000003 1.78
1,500 0.1% .000008 1.74
1,600 0.1% .000003 1.67
1,700 0.1% .000004 1.60
1,800 0.1% .000003 1.53
1,900 0.1% .000003 1.47
2,000 0.1% .000005 1.40
2,100 0.2% <.000001 1.34
2,300 0.2% .000004 1.24
2,500 0.1% .000003 1.14
2,700 0.1% .000004 1.06
2,900 0.2% .000006 1.00
3,300 0.1% <.000001 0.91
3,700 0.1% .000002 0.85
4,100 0.1% .000005 0.80
4,500 0.1% .000009 0.77
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Appendix |

Hallwood Site
Flow (cfs) Net Q Sol A Max F
150 0.5% .000001 0.77
250 0.1% .000007 0.75
300 0.2% .000008 0.78
350 0.2% .000007 0.80
400 0.3% <.000001 0.80
500 0.2% .000008 0.79
600 0.2% .000009 0.80
700 0.1% .000005 1.00
800 0.1% <.000001 1.42
900 0.1% .000003 3.39
1,000 0.1% .000009 2.03
1,100 0.2% .000009 2.28
1,200 0.03% .000003 2.64
1,300 0.03% .000005 3.35
1,400 0.01% .000001 2.71
1,500 0.03% .000009 2.55
1,600 0.03% .000002 2.18
1,700 0.03% .000003 1.87
1,800 0.03% .000002 1.52
1,900 0.03% .000002 1.36
2,000 0.1% .000002 1.29
2,100 0.1% .000002 1.25
2,300 0.1% .000006 1.48
2,500 0.1% .000006 1.04
2,700 0.2% .000005 0.92
2,900 0.2% .000007 0.89
3,300 0.2% .000006 0.90
3,700 0.1% .000005 1.21
4,100 0.1% .000004 1.31
4,500 0.02% .000004 1.42
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Appendix |

Plantz Site
Flow (cfs) Net Q Sol A Max F
150 2.4% <.000001 0.70
250 0.4% <.000001 0.54
300 0.5% <.000001 0.58
350 0.4% .000001 0.87
400 0.5% .000002 0.58
500 0.4% <.000001 0.73
600 0.2% <.000001 0.61
700 0.2% <.000001 0.73
800 0.2% <.000001 0.60
900 0.1% .000006 0.62
1,000 0.1% <.000001 0.63
1,100 0.1% .000003 0.65
1,200 0.1% .000007 0.69
1,300 0.1% <.000001 0.66
1,400 0.1% .000003 0.67
1,500 0.1% .000005 0.69
1,600 0.02% .000002 0.78
1,700 0.02% <.000001 1.04
1,800 0.04% .000002 1.93
1,900 0.02% .000002 1.77
2,000 0.02% .000001 1.74
2,100 0.02% .000001 1.68
2,300 0.03% <.000001 2.30
2,500 0.03% <.000001 1.86
2,700 0.01% .000002 1.50
2,900 0.01% .000002 1.30
3,300 0.01% .000002 2.04
3,700 0.01% .000003 1.31
4,100 0.01% .000007 1.07
4,500 0.02% .000006 0.92
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APPENDIX J
HABITAT SUITABILITY CRITERIA

USFWS, SFWO, Energy Pl anning and I nstream Fl ow Branch
Yuba Ri ver Spawni ng Report
August 26, 2010 241



Appendix J

Spring-run Chinook Salmon Spawning

Water Water Substrate
Velocity (ft/s) Sl Value Depth (fty SlValue  Code  SlValue

0 0.00 0 0.00 0 0.00
0.28 0.00 0.4 0.00 1.2 0.00
0.29 0.04 0.5 0.17 1.3 0.31
0.30 0.04 0.6 0.22 24 1.00
0.40 0.06 0.7 0.29 35 0.14
0.50 0.09 0.8 0.36 4.6 0.12
0.60 0.12 0.9 0.43 6.8 0.00
0.70 0.15 1.0 0.51 100 0.00
0.80 0.20 1.1 0.60

0.90 0.25 1.2 0.68

1.00 0.31 1.3 0.75

1.10 0.38 1.4 0.82

1.20 0.45 1.5 0.88

1.30 0.52 1.6 0.93

1.40 0.60 1.7 0.97

1.50 0.67 1.8 0.99

1.60 0.74 1.9 1.00

1.70 0.80 2.0 1.00

1.90 0.90 5.3 0.00

2.00 0.94 100 0.00

2.10 0.97

2.20 0.99

2.30 1.00

2.40 1.00

2.50 0.99

2.60 0.97

2.70 0.95

2.80 0.92

3.00 0.84

3.10 0.79

3.50 0.59

3.60 0.53

3.70 0.48

3.80 0.44

3.90 0.39

4.00 0.35

4.10 0.31

4.20 0.28

4.30 0.24

4.40 0.22

4.41 0.00

100.00 0.00
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Appendix J

Fall-run Chinook Salmon Spawning

Water Water Substrate
Velocity (ft/s) Sl Value Depth (fty SlValue  Code  SlValue

0 0.00 0 0.00 0 0.00

0.22 0.00 0.1 0.00 0.1 0.00

0.23 0.09 0.2 0.09 1 0.00

0.30 0.13 0.3 0.15 1.2 0.05

0.40 0.21 0.4 0.24 1.3 0.58

0.50 0.30 0.5 0.34 24 1.00

0.80 0.63 0.6 0.46 35 0.65

1.00 0.81 0.7 0.58 4.6 0.29

1.10 0.87 0.8 0.70 6.8 0.01

1.20 0.92 0.9 0.79 8 0.00

1.30 0.96 1.0 0.87 100 0.00

1.50 1.00 1.1 0.93

1.70 1.00 1.2 0.97

1.80 0.99 1.3 0.99

1.90 0.97 1.4 1.00

2.00 0.96 4.8 0.02

2.60 0.84 7.8 0.02

2.70 0.83 7.9 0.00

2.80 0.81 100 0.00

3.10 0.78

3.20 0.78

3.30 0.77

3.40 0.77

3.50 0.76

3.60 0.76

3.80 0.74

3.90 0.72

4.00 0.71

4.20 0.65

4.30 0.61

4.40 0.56

4.50 0.51

4.60 0.45

4.70 0.38

4.80 0.31

4.90 0.24

5.10 0.12

5.20 0.08

5.30 0.05

5.31 0.05

5.32 0.00

100 0.00
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Appendix J

Steelhead/Rainbow Trout Spawning

Water
Velocity (ft/s) Sl Value

0.00 0.00
0.08 0.00
0.09 0.02
0.20 0.02
0.30 0.03
0.40 0.05
0.50 0.07
0.60 0.09
0.70 0.12
0.80 0.15
0.90 0.20
1.00 0.24
1.10 0.30
1.20 0.35
1.30 0.41
1.40 0.48
1.50 0.54
1.60 0.60
1.70 0.67
1.80 0.72
1.90 0.78
2.00 0.83
2.10 0.87
2.20 0.91
2.40 0.96
2.60 1.00
2.90 1.00
3.30 0.94
3.40 0.91
3.50 0.88
3.80 0.79
4.10 0.68
4.20 0.65
4.30 0.61
4.40 0.58
4.60 0.51
5.10 0.38
5.20 0.36
5.30 0.34
6.10 0.27
6.20 0.26
6.30 0.27

Water
Depth (ft)

0.0
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1.0
1.1
1.2
13
1.4
15
1.6
1.7
1.8
1.9
2.0
2.1
2.2
2.3
2.4
2.5
2.6
2.7
2.8
2.9
3.0
3.1
3.2
3.3
3.4
3.5
3.6
3.7
3.8
6.5
6.6
6.7
6.8
6.9

Sl Value
0.00
0.00
0.01
0.01
0.01
0.01
0.02
0.02
0.03
0.04
0.06
0.08
0.10
0.14
0.18
0.23
0.29
0.36
0.43
0.51
0.58
0.64
0.70
0.74
0.78
0.82
0.84
0.86
0.88
0.89
0.90
0.91
0.92
0.92
0.92
0.92
0.92
0.94
0.96
0.97
0.98
0.99
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Substrate
Code
0
0.1
1
1.2
1.3
2.4
3.5
4.6
6.8
100

Sl Value
0.00
0.00
0.13
1.00
0.85
0.28
0.16
0.05
0.00
0.00



Appendix J

Steel head/Rainbow Trout Spawning (continued)

Water Water
Velocity (ft/s) Sl Value Depth (ft) Sl Value
6.80 0.30 7.0 1.00
6.90 0.32 19.9 1.00
6.92 0.33 100.0 0.00
6.93 0.00
100.00 0.00
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APPENDIX K
HABITAT MODELING RESULTS
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Appendix K
UC Sierra Site WUA (ft?)

Flow (cfs) Spring-run Fall-run Steelhead/Rainbow Trout
400 21,312 52,947 4,039
500 26,447 57,414 6,058
600 31,248 60,181 8,317
700 35,090 61,666 10,828
800 38,287 62,527 13,552
900 40,784 62,710 16,307

1,000 42,743 62,441 18,966
1,100 44,121 61,763 21,582
1,200 44,875 60,891 24,208
1,300 45,294 60,009 26,587
1,400 45,402 59,244 28,793
1,500 44,810 57,630 30,989
1,600 43,917 56,252 32,916
1,700 42,840 54,863 34,670
1,800 41,527 53,593 36,307
1,900 40,063 52,302 37,706
2,000 38,535 51,053 38,954
2,100 36,920 49,815 40,106
2,300 34,218 47,770 41,958
2,500 31,603 45,746 43,389
2,700 28,847 43,895 44,369
2,900 26,361 41,785 44,993
3,100 24,068 39,794 45,327
3,300 21,883 37,738 45,359
3,500 19,741 35,833 45,133
3,700 18,008 33,895 44,767
3,900 16,404 32,023 44,250
4,100 14,865 30,257 43,583
4,300 13,240 28,384 42,797
4,500 12,066 26,598 41,904

USFWS, SFWO, Energy Pl anning and I nstream Fl ow Branch
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Appendix K

Timbuctoo Site WUA (ft?)

Flow (cfs) Spring-run Fall-run Steelhead/Rainbow Trout
400 42,097 110,136 13,110
500 52,861 121,535 18,708
600 61,429 128,456 24,294
700 69,513 134,559 30,408
800 77,048 136,884 37,178
900 83,312 137,595 43,271

1,000 88,339 137,164 50,870
1,100 91,611 135,894 57,005
1,200 94,259 134,495 64,260
1,300 96,164 133,278 70,697
1,400 97,359 131,857 77,457
1,500 98,059 130,523 83,129
1,600 97,445 128,994 88,501
1,700 96,552 128,585 92,957
1,800 95,465 127,476 97,714
1,900 94,205 127,067 101,503
2,000 93,463 127,918 104,549
2,100 92,946 128,951 107,886
2,300 92,537 131,761 112,676
2,500 91,633 134,645 117,079
2,700 90,772 137,508 120,028
2,900 90,826 140,598 122,590
3,100 92,063 143,289 124,925
3,300 93,043 144,828 126,798
3,500 93,872 145,280 128,068
3,700 94,571 144,946 129,016
3,900 94,550 143,493 129,586
4,100 94,367 141,975 129,823
4,300 94,130 140,673 129,845
4,500 93,570 139,188 129,629
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Appendix K
Highway 20 Site WUA (ft?)

Flow (cfs) Spring-run Fall-run Steelhead/Rainbow Trout
400 14,047 26,791 2,801
500 17,373 32,302 3,746
600 20,268 36,877 4,768
700 23,153 41,129 5,914
800 25,823 44,347 7,300
900 28,104 46,134 8,801

1,000 29,708 46,930 10,428
1,100 30,731 46,554 12,292
1,200 31,194 46,468 14,294
1,300 31,312 46,209 16,286
1,400 30,989 45,617 18,406
1,500 30,311 44,605 20,516
1,600 29,558 43,658 22,453
1,700 28,653 42,926 24,240
1,800 27,512 42,227 25,919
1,900 26,425 41,366 27,362
2,000 25,241 40,354 28,621
2,100 24,014 39,245 29,708
2,300 21,689 37,146 31,258
2,500 19,440 34,832 32,324
2,700 17,491 32,744 33,002
2,900 15,984 31,032 33,400
3,100 14,553 29,245 33,659
3,300 13,584 28,115 33,755
3,500 12,831 27,803 33,745
3,700 12,185 27,286 33,637
3,900 11,883 26,662 33,573
4,100 11,851 26,641 33,379
4,300 11,937 26,092 33,153
4,500 12,152 25,930 32,894
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Appendix K

Island Site WUA (ft?)

Flow (cfs) Spring-run Fall-run Steelhead/Rainbow Trout
400 39,654 65,929 19,084
500 41,732 70,406 25,521
600 42,786 76,962 31,118
700 44,476 85,024 37,383
800 46,661 92,785 42,657
900 49,923 98,414 46,758

1,000 53,658 102,903 51,634
1,100 57,285 107,004 56,123
1,200 60,934 109,027 60,741
1,300 64,217 109,555 64,777
1,400 66,392 108,995 69,126
1,500 68,975 108,155 72,990
1,600 71,289 107,036 75,875
1,700 73,453 105,497 79,351
1,800 74,841 103,796 81,967
1,900 75,767 102,257 84,948
2,000 76,240 100,890 87,273
2,100 76,736 99,770 89,049
2,300 76,294 97,015 92,828
2,500 74,647 93,592 95,680
2,700 71,935 89,286 96,929
2,900 68,738 85,239 98,242
3,100 63,055 80,837 92,419
3,300 58,652 76,854 91,708
3,500 54,541 73,087 89,911
3,700 51,204 70,170 88,597
3,900 48,330 67,145 87,047
4,100 45,208 63,916 84,948
4,300 42,743 62,743 82,580
4,500 40,461 60,870 80,298
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Appendix K
Hammond Site WUA (ft?)

Flow (cfs) Spring-run Fall-run Steel head/Rainbow Trout
400 53,744 80,019 13,821
500 58,631 77,952 18,428
600 60,256 75,724 22,766
700 58,760 72,904 26,425
800 55,918 71,504 29,235
900 52,625 71,128 31,495

1,000 49,083 69,395 33,637
1,100 45,219 67,113 35,090
1,200 41,215 64,874 36,629
1,300 37,878 62,420 37,792
1,400 35,187 60,827 38,901
1,500 32,905 58,189 39,557
1,600 30,752 54,734 40,052
1,700 27,814 51,171 40,160
1,800 24,940 48,373 40,225
1,900 22,776 45,068 40,214
2,000 21,108 41,796 39,869
2,100 19,396 38,653 39,590
2,300 16,479 32,744 38,632
2,500 13,627 27,599 37,060
2,700 11,711 23,648 35,704
2,900 9,943 20,796 34,369
3,100 8,823 18,212 33,142
3,300 7,872 16,889 32,044
3,500 7,383 15,468 30,871
3,700 7,242 14,693 29,902
3,900 6,922 13,810 28,718
4,100 6,750 13,562 27,674
4,300 6,701 13,896 26,931
4,500 6,728 14,090 26,253

USFWS, SFWO, Energy Pl anning and I nstream Fl ow Branch
Yuba Ri ver Spawni ng Report
August 26, 2010

251



Appendix K
Upper Daguerre Site WUA (ft?)

Flow (cfs) Spring-run Fall-run Steelhead/Rainbow Trout
150 6,948 18,471 264
250 11,754 24,768 723
300 13,627 26,436 1,026
350 15,339 27,749 1,377
400 16,781 28,341 1,687
500 18,761 28,761 2,659
600 19,762 28,567 3,538
700 20,139 28,137 4,421
800 20,236 27,534 5,289
900 19,741 26,522 6,085

1,000 18,869 25,392 6,819
1,100 18,191 24,509 7,481
1,200 17,599 23,831 8,121
1,300 17,115 23,336 8,679
1,400 16,673 23,207 9,169
1,500 16,253 22,679 9,622
1,600 15,791 21,861 9,976
1,700 15,112 21,076 10,305
1,800 14,434 20,344 10,598
1,900 13,767 19,687 10,839
2,000 13,014 19,138 11,044
2,100 12,282 18,449 11,184
2,300 11,130 17,728 11,356
2,500 10,807 18,094 11,507
2,700 10,861 18,148 11,625
2,900 10,828 17,890 11,690
3,300 10,500 16,964 11,808
3,700 9,875 16,845 11,851
4,100 9,544 17,427 11,926
4,500 9,572 17,491 12,012
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Appendix K
Lower Daguerre Site WUA (ft?)

Flow (cfs) Spring-run Fall-run Steel head/Rainbow Trout
150 31,301 60,030 2,291
250 44,649 69,061 4,982
300 48,341 70,977 6,303
350 50,256 71,870 7,633
400 50,967 72,635 8,906
500 50,655 73,022 11,302
600 48,986 73,959 13,261
700 46,877 75,315 14,725
800 44,745 77,015 15,941
900 43,691 79,340 16,878

1,000 43,206 81,773 17,728
1,100 43,055 85,271 18,471
1,200 43,518 89,157 19,235
1,300 45,241 91,697 19,978
1,400 46,715 91,665 20,677
1,500 48,125 92,526 21,377
1,600 49,708 92,752 22,055
1,700 51,645 93,796 22,841
1,800 53,400 94,744 23,734
1,900 54,745 95,809 24,671
2,000 55,886 95,981 26,425
2,100 55,908 96,057 26,436
2,300 57,102 96,358 28,137
2,500 57,005 95,066 29,741
2,700 56,456 93,409 31,226
2,900 55,143 91,116 32,550
3,300 51,613 85,723 34,875
3,700 46,704 79,610 36,683
4,100 38,588 74,454 37,900
4,500 37,555 71,537 38,352
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Appendix K
Pyramids Site WUA (ft?)

Flow (cfs) Spring-run Fall-run Steel head/Rainbow Trout
150 11,248 43,508 546
250 20,667 64,314 1,474
300 25,274 71,935 2,082
350 29,708 78,210 2,778
400 33,863 83,205 3,588
500 41,032 90,309 5,473
600 46,478 94,076 7,466
700 50,655 96,810 9,564
800 53,593 98,102 11,679
900 55,638 99,964 13,595

1,000 56,801 101,428 15,317
1,100 57,092 101,934 16,824
1,200 56,715 101,998 18,417
1,300 56,317 102,332 19,795
1,400 55,768 103,064 21,076
1,500 55,176 102,913 22,270
1,600 54,261 102,440 23,325
1,700 52,958 101,482 24,240
1,800 51,376 100,179 25,101
1,900 49,159 98,468 25,812
2,000 46,974 96,616 26,425
2,100 44,918 94,819 26,985
2,300 40,278 89,459 27,857
2,500 35,521 82,516 28,513
2,700 30,882 75,110 28,976
2,900 26,479 67,629 30,591
3,300 19,074 53,152 30,569
3,700 13,014 40,838 30,171
4,100 9,319 31,883 29,439
4,500 7,216 24,832 28,352
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Appendix K
Hallwood Site WUA (ft?)

Flow (cfs) Spring-run Fall-run Steel head/Rainbow Trout
150 5,882 20,602 1,311
250 8,702 22,217 2,991
300 9,503 22,270 3,984
350 10,029 22,087 5,023
400 10,343 22,001 6,131
500 10,796 22,087 8,032
600 10,958 23,444 9,574
700 11,291 25,823 10,925
800 12,034 28,417 12,206
900 12,755 30,279 13,326

1,000 13,347 31,926 14,499
1,100 13,789 33,185 15,457
1,200 14,434 34,304 16,404
1,300 14,929 34,778 17,050
1,400 15,360 35,510 17,470
1,500 15,694 35,994 17,976
1,600 16,049 36,027 18,342
1,700 16,372 36,037 18,643
1,800 16,619 36,479 19,063
1,900 16,889 36,823 19,235
2,000 17,222 37,028 19,450
2,100 17,502 37,017 19,666
2,300 18,008 37,135 20,193
2,500 18,288 36,888 20,828
2,700 18,374 36,909 21,560
2,900 18,395 36,371 22,346
3,300 17,158 34,358 23,777
3,700 14,876 31,258 24,477
4,100 12,615 28,148 24,940
4,500 10,166 24,606 25,187
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Appendix K

Plantz Site WUA (ft?)

Flow (cfs) Spring-run Fall-run Steelhead/Rainbow Trout
150 9,662 23,121 2,063
250 15,844 27,900 6,372
300 17,567 27,965 9,314
350 18,966 28,707 12,346
400 19,364 29,267 15,145
500 20,021 31,549 20,451
600 20,236 33,411 24,811
700 19,902 34,391 28,632
800 19,709 35,090 32,130
900 18,665 34,412 34,703

1,000 17,610 34,197 37,049
1,100 16,641 33,659 39,148
1,200 15,984 33,766 41,032
1,300 16,060 33,465 42,711
1,400 15,209 32,249 43,734
1,500 14,564 31,538 44,928
1,600 14,004 30,731 45,520
1,700 13,853 30,257 46,231
1,800 14,036 30,526 47,393
1,900 13,864 30,074 47,932
2,000 13,498 29,224 48,211
2,100 13,562 29,773 48,513
2,300 13,509 29,439 48,631
2,500 13,412 28,966 49,180
2,700 12,992 27,631 49,083
2,900 12,508 26,447 48,341
3,300 12,454 26,027 47,878
3,700 11,980 24,079 46,500
4,100 11,334 22,572 45,090
4,500 10,968 21,732 44,724
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Appendix K

Englebright Dam to Daguerre Point Dam WUA (ft%)

Flow (cfs) Spring-run Fall-run Steelhead/Rainbow Trout
400 375,881 738,808 93,025
500 433,495 791,142 127,530
600 475,173 832,038 160,624
700 508,184 869,619 195,287
800 536,221 897,704 228,663
900 560,447 915,157 258,072

1,000 579,770 921,432 291,342
1,100 591,729 920,319 320,483
1,200 599,448 914,660 352,233
1,300 604,705 905,235 380,404
1,400 605,724 894,389 409,521
1,500 605,132 878,026 435,039
1,600 600,514 859,484 457,242
1,700 592,486 842,695 477,626
1,800 581,428 826,023 496,552
1,900 570,321 809,731 513,450
2,000 560,091 796,423 526,711
2,100 550,027 784,156 539,158
2,300 530,680 762,157 558,538
2,500 508,089 740,111 572,936
2,700 485,664 719,580 580,854
2,900 466,073 702,790 587,125
3,100 445,636 685,030 579,869
3,300 429,074 669,732 580,210
3,500 414,407 654,435 576,800
3,700 403,061 640,179 573,618
3,900 391,796 622,892 568,787
4,100 380.690 607,973 562,156
4,300 371,251 597,933 554,939
4,500 362,954 586,685 547,323
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Appendix K

Daguerre Point Dam to Feather River WUA (ft?)

Flow (cfs) Spring-run Fall-run Steelhead/Rainbow Trout
150 154,149 392,783 8,093
250 240,828 493,575 20,677
300 270,918 520,411 28,386
350 294,586 541,840 36,446
400 311,224 558,014 44,320
500 334,798 582,376 59,897
600 347,018 600,693 73,313
700 352,808 617,325 85,333
800 356,252 630,795 96,557
900 356,660 641,127 105,732

1,000 355,104 651,076 114,265
1,100 352,579 660,183 121,726
1,200 351,354 670,846 129,012
1,300 354,696 676,892 135,265
1,400 354,849 677,096 140,156
1,500 355,053 676,994 145,217
1,600 355,053 672,632 149,023
1,700 355,385 669,877 152,825
1,800 355,181 668,984 157,362
1,900 351,762 665,642 160,610
2,000 347,426 658,831 164,445
2,100 341,686 654,392 165,979
2,300 331,864 640,183 170,217
2,500 320,028 619,825 174,711
2,700 307,068 595,361 178,088
2,900 292,349 567,504 181,896
3,300 262,591 512,452 186,134
3,700 228,583 456,534 187,103
4,100 192,922 413,523 186,619
4,500 178,884 379,671 185,784
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APPENDIX L
RIVER2D COMBINED HABITAT SUITABILITY OF REDD LOCATIONS'

! For all pages, Combined Suitability: 1= optimal, 0 = unusable
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Appendix L
U.C. SIERRA STUDY SITE, SEPTEMBER 23-26, 2002, FLOW = 649 CFS
SPRING-RUN CHINOOK SALMON SPAWNING
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Appendix L

U.C. SIERRA STUDY SITE, NOVEMBER 4-6 AND 18-21, 2002, FLOW = 878 CFS
FALL-RUN CHINOOK SALMON SPAWNING
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Appendix L
U.C. SIERRA STUDY SITE, APRIL 8-10, 2003, FLOW = 2386 CFS

STEELHEAD/RAINBOW TROUT SPAWNING
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Appendix L
TIMBUCTOO STUDY SITE, SEPTEMBER 23-26, 2002, FLOW = 649 CFS
SPRING-RUN CHINOOK SALMON SPAWNING
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Appendix L
TIMBUCTOO STUDY SITE, SEPTEMBER 23-26, 2002, FLOW = 649 CFS
SPRING-RUN CHINOOK SALMON SPAWNING (CONTINUED)
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Appendix L

TIMBUCTOO STUDY SITE, NOVEMBER 4-6 AND 18-21, 2002, FLOW = 878 CFS

FALL-RUN CHINOOK SALMON SPAWNING
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Appendix L
TIMBUCTOO STUDY SITE, NOVEMBER 4-6 AND 18-21, 2002, FLOW = 878 CFS
FALL-RUN CHINOOK SALMON SPAWNING (CONTINUED)

Combined Suitability
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Appendix L

Combined Suitability
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Appendix L
TIMBUCTOO STUDY SITE, APRIL 8-10, 2003, FLOW = 2386 CFS
STEELHEAD/RAINBOW TROUT SPAWNING (CONTINUED)
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Appendix L

HIGHWAY 20 STUDY SITE, SEPTEMBER 23-26, 2002, FLOW = 648 CFS
SPRING-RUN CHINOOK SALMON SPAWNING
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Appendix L
HIGHWAY 20 STUDY SITE, SEPTEMBER 23-26, 2002, FLOW = 648 CFS
SPRING-RUN CHINOOK SALMON SPAWNING
POLYGON METHOD N
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Appendix L

HIGHWAY 20 STUDY SITE, NOVEMBER 4-6 AND 18-21, 2002, FLOW = 887 CFS
FALL-RUN CHINOOK SALMON SPAWNING
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Appendix L
HIGHWAY 20 STUDY SITE, NOVEMBER 4-6 AND 18-21, 2002, FLOW = 887 CFS
FALL-RUN CHINOOK SALMON SPAWNING
POLYGON METHOD N
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Appendix L
HIGHWAY 20 STUDY SITE, APRIL 8-10, 2003, FLOW = 2385 CFS

STEELHEAD/RAINBOW TROUT SPAWNING
N
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Appendix L
HIGHWAY 20 STUDY SITE, APRIL 8-10, 2003, FLOW = 2385 CFS
STEELHEAD/RAINBOW TROUT SPAWNING
POLYGON METHOD N
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Appendix L
ISLAND STUDY SITE, SEPTEMBER 23-26, 2002, FLOW = 648 CFS
SPRING-RUN CHINOOK SALMON SPAWNING
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Appendix L
HAMMOND STUDY SITE, SEPTEMBER 23-26, 2002, FLOW = 646 CFS
SPRING-RUN CHINOOK SALMON SPAWNING

N

Combined Suitability A

1.00
N,
0.80

0.70
0.60

Scale: 1:3080
Redd locations: e
USFWS, SFWO, Energy Pl anning and | nstream Fl ow Branch

Yuba Ri ver Spawni ng Report
August 26, 2010

276



Appendix L
HAMMOND STUDY SITE, NOVEMBER 4-6 AND 18-21, 2002, FLOW = 887 CFS
FALL-RUN CHINOOK SALMON SPAWNING
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Appendix L
UPPER DAGUERRE STUDY SITE, SEPTEMBER 23-26, 2002, FLOW = 450 CFS
SPRING-RUN CHINOOK SALMON SPAWNING
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Appendix L

UPPER DAGUERRE STUDY SITE, SEPTEMBER 23-26, 2002, FL OW = 450 CFS
SPRING-RUN CHINOOK SALMON SPAWNING
POLYGON METHOD
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Appendix L
UPPER DAGUERRE STUDY SITE, NOVEMBER 4-6 AND 18-21, 2002, FLOW = 474 CFS
FALL-RUN CHINOOK SALMON SPAWNING
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Appendix L

UPPER DAGUERRE STUDY SITE, NOVEMBER 4-6 AND 18-21, 2002, FLOW = 474 CFS
FALL-RUN CHINOOK SALMON SPAWNING
POLYGON METHOD
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Appendix L
LOWER DAGUERRE STUDY SITE, NOVEMBER 4-6 AND 18-21, 2002, FLOW = 474 CFS
FALL-RUN CHINOOK SALMON SPAWNING
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Appendix L
PYRAMIDS STUDY SITE, NOVEMBER 4-6 AND 18-21, 2002, FLOW = 473 CFS
FALL-RUN CHINOOK SALMON SPAWNING
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Appendix L
PLANTZ STUDY SITE, NOVEMBER 4-6 AND 18-21, 2002, FLOW =473 CFS
FALL-RUN CHINOOK SALMON SPAWNING
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SENSITIVITY ANALYSISFOR FLOW-HABITAT RELATIONSHIPS FOR
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CVPIA INSTREAM FLOW INVESTIGATIONS
YUBA RIVER STEELHEAD/RAINBOW TROUT SPAWNING HABITAT
SENSITIVITY ANALYSIS

PREFACE

The following is the final report for the U.S. Fiahd Wildlife Service’s sensitivity analysis for
steelhead/rainbow trout spawning habitat in thea’Rbver between Englebright Dam and the
Feather River, part of the Central Valley Projesptovement Act (CVPIA) Instream Flow
Investigations,a 6-year effort which began in October, 2801 Title 34, Section 3406(b)(1)(B)
of the CVPIA, P.L. 102-575, requires the Secretdrthe Interior to determine instream flow
needs for anadromous fish for all Central Vallegj&et controlled streams and rivers, based on
recommendations of the U.S. Fish and Wildlife Sesafter consultation with the California
Department of Fish and Game. The purpose of tineestigations is to provide scientific
information to the U.S. Fish and Wildlife Servicer@ral Valley Project Improvement Act
Program to assist in developing such recommendatmmCentral Valley rivers.

Written comments or information can be submitted to

Mark Gard, Senior Biologist
Energy Planning and Instream Flow Branch
U.S. Fish and Wildlife Service
Sacramento Fish and Wildlife Office
2800 Cottage Way, Room W-2605
Sacramento, CA 95825

Mark_Gard@fws.gov

! This program is a continuation of a 7-year effaf$p titled the Central Valley Project
Improvement Act Instream Flow Investigations, whiah from February 1995 through
September 2001.
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Yuba River Spawning Sensitivity Analysis Report

August 26, 2010 ”



ACKNOWLEDGMENTS

Data analysis and report preparation were perforoyeeld Ballard, Mark Gard and Bill Pelle.
Funding was provided by the Central Valley Projagtrovement Act.

ABSTRACT

A sensitivity analysis was conducted to examineetifiects of alternative criteria on flow-habitat
relationships and biological validation for ste@t&ainbow trout spawning in the Yuba River.
Four alternative criteria were used in the sengjtanalysis: 1) criteria calculated using only
occupied and unoccupied data collected upstreatigbiway 20; 2) Clear Creek criteria,

3) density-based criteria; and 4) geometric meaedariteria. Flow-habitat relationships were
developed for the two segments of the Yuba Rivergusach of the four alternative criteria.
Biological verification was accomplished for eadtlitee four alternative criteria by testing, with
a Mann-Whitney U test, whether the combined suitglpredicted by RIVER2D was higher at
redd locations versus at locations where redds alesent. A Mann-Whitney U test was also
used to assess the effects of errors in the simonlat substrate at redd locations. Overlays were
generated of redd locations relative to the contbswetability from the four alternative criteria,
as well as the univariate suitability for depthloegty and substrate for the original criteria.ner
Clear Creek criteria fail to capture the prefereoic¥uba River steelhead/rainbow trout for
deeper conditions and do not reflect the entirgeanf velocities where steelhead/rainbow trout
redds were found in the Yuba River. There werelaar trends from the biological verification
results. With the exception of the Clear Creeteda, the flow-habitat relationships were not
sensitive to the choice of criteria. Based onréseilts of this sensitivity analysis, we feel ttre
flow-habitat relationships for steelhead/rainboautrspawning using the alternative criteria
calculated only using occupied and unoccupied tlata upstream of Highway 20 best
characterize the habitat requirements for steelr@atbow trout spawning in the Yuba River.
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INTRODUCTION

U. S. Fish and Wildlife Service (2008) presenteavthabitat relationships for spring and fall-
run Chinook salmon and steelhead/rainbow trout spayin the Yuba River, as well as
biological validation of the habitat models usedlévelop the flow-habitat relationships. At the
request of stakeholders, we have prepared thistrap@ sensitivity analysis of the flow-habitat
relationships and biological validation presentetli S. Fish and Wildlife Service (2008). The
focus of this report is on steelhead/rainbow treince stakeholders had the most concern with
the information in U. S. Fish and Wildlife Servig008) concerning this species. The objective
of this report is to examine the sensitivity ofedkead/rainbow trout spawning flow-habitat
relationships and biological verification to a nuenbf alternative habitat suitability criteria.

This sensitivity analysis looks at the model savisjtto alternative habitat suitability criteriano
flow-habitat relationships and biological validatiorhere are other types of sensitivity analyses
that could be explored, but were outside the sobpieis report.

METHODS
Habitat Quitability Criteria (HSC) Devel opment

U. S. Fish and Wildlife Service (2008) used a polyimal logistic regression (SYSTAT 2002),
with dependent variable frequency (with a valué é&dr occupied locations and O for unoccupied
locations) and independent variable depth or vlpto develop depth and velocity HSI. The
logistic regression fits the data to the followewgpression:

Frequency =  ----mmmmmmmmmsmmmo oo :
1+Exp(I1+J3*V+K¥+L*V3i+M*VvH

where Exp is the exponential function; I, J, Kabd M are coefficients calculated by the logistic
regression; and V is velocity or depth. The lagistgressions were conducted in a sequential
fashion, where the first regression tried includéaf the terms. If any of the coefficients oeth
constant were not statistically significant at p.85, the associated terms were dropped from the
regression equation, and the regression was repedtes results of the regression equations
were rescaled so that the highest value was 1h@.rdsulting HSC were modified by truncating
at the slowest/shallowest and deepest/fastest sadbat the next shallower depth or slower
velocity value below the shallowest observed deptthe slowest observed velocity had a Sl
value of zero, and so that the next larger depfasier velocity value above the deepest
observed depth or the fastest observed velocityahadl value of zero.

For the purpose of this sensitivity analysis, wedihe following alternative habitat suitability
criteria: 1) depth and velocity criteria developesing the same methods as above, but only
using occupied and unoccupied data collected wgsti Highway 20; 2) steelhead/rainbow
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trout spawning criteria from Clear Creek (U. S.hFasd Wildlife Service 2006); 3) depth and
velocity criteria developed using density-basednoés$ given in Rubin et al. (1991) and TRPA
(2001); and 4) the criteria from U. S. Fish anddiié Service (2008) but with combined
suitability calculated using the geometric meathefindividual depth, velocity and substrate
suitabilities. All of the above criteria excepet@lear Creek criteria used the same substrate
criteria as in U. S. Fish and Wildlife Service (80 Half of the unoccupied data used to develop
the steelhead/rainbow trout spawning criteria preskin U. S. Fish and Wildlife Service (2008)
were from the Below Daguerra Segment, while onbpbof 184 occupied locations were from
the Below Daguerra Segment (Figure 1).

The density-based criteria were developed as fallohhe number of steelhead/rainbow trout
redds was determined for 1.0 foot depth and 0s5/#locity increments. The area within each
1.0 foot depth and 0.5 ft/s velocity increment wen determined from the RIVER2D cdg files
for the sites where we observed steelhead/rainbmyt tedds (Table 1). The first step in
determining area was to construct multiple setd®C, differing only in the suitabilities

assigned for each depth or velocity increment. fEimge of depths and velocities selected for
use in the HSCs was the range of depths and vieleahere we found steelhead/rainbow trout
redds. For the depth HSC sets: (1) all of the Batl the same velocity and substrate HSC
curves, with HSI values of 1.0 for all velocitigsdasubstrates; and (2) each depth HSC had a
different depth HSC curve. To develop the deptiCH8rves, each HSC set was assigned a
different one-foot depth increment within the seeladepth range to have an HSC value of 1.0,
and the other one-foot depth increments and depitssde of the depth range a value of 0.0
(e.g., 1.5-2.47 foot (0.46-0.75 meters) depth H&8lDe equal 1.0, < 1.5 feet (0.46 meters) and >
2.47 feet (0.75 meters) depths HSC value equalfo®®depth increment of 1.5-2.47 feet (0.46-
0.75 meters). For the velocity HSC sets: (1pathe sets had the same depth and substrate
HSC curves, with HSI values of 1.0 for all depthsd aubstrates; and (2) each velocity HSC had
a different velocity HSC curve. To develop theoettly HSC curves, each HSC set was assigned
a different half-ft/s velocity increment within tiselected velocity range to have an HSC value of
1.0, and the other half-ft/s velocity incrementd &glocities outside of the velocity range a value
of 0.0 (e.g., 1.75-2.24 ft/s (0.53-0.68 m/s) vep&lSC value equal 1.0, < 1.75 ft/s (0.53 m/s)
and > 2.24 ft/s (0.68 m/s) velocities HSC valueads)0.0 for a velocity increment of 1.75-2.24
ft/s (0.53-0.68 m/s)). Each HSC set was used \rERI2D with the calibrated RIVER2D file for
each study site at which HSC data were collectathlel'l). The resulting habitat output was
used to determine the area for all one-foot depthhalf-ft/s velocity increments. Redd
densities were calculated by dividing the numbeedfls in each 1.0 foot (0.30 m) depth or 0.5
ft/s (0.15 m/s) velocity increment by the areatf@ corresponding 1.0 foot (0.30 m depth or 0.5
ft/s (0.15 m/s) velocity increment. The densitgéa criteria were then “smoothed” using a
kernel-type scatterplot smoother (SYSTAT 2002), goesh were rescaled so that the highest
HSC value was 1.0.
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Figure 1. Distribution of steelhead/rainbow trout redds (2002 to 2004).
Table 1. Average flows prior to steelhead/rainbow trout HSI data collection.
Dates Sites Flows (cfs)
Jan 7-Feb 6, 2002 Timbuctoo 1,838
Mar 12-Apr 11, 2002 Timbuctoo, Highway 20 2,353
Mar 24-Apr 23, 2002 UC Sierra 2,281
Mar 10-Apr 9, 2003 UC Sierra, Timbuctoo, Highway 20 2,386
Mar 11-Apr 10, 2003 Upper Daguerra, Lower Daguerra 2,364
Mar 11-Apr 10, 2003 Hallwood 2,455
Mar 6-Apr 5, 2004 Timbuctoo, Highway 20, Island 2,546
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Biological Verification

We computed the univariate (depth, velocity andsgale) habitat suitability predicted by
RIVER2D using the criteria in U. S. Fish and WitdIService (2008) at each redd location in the
six study sites where steelhead/rainbow trout réoicistions were recorded in 2003. We
compared the combined habitat suitability predidigdRIVER2D at each redd location in the six
study sites where steelhead/rainbow trout reddstilmes were recorded for each of the four
alternative habitat suitability criteria, except tbe alternative criteria that only used data
collected upstream of Highway 20, we only madectbraparison for the three study sites
upstream of Highway 20 where steelhead/rainbowt teads locations were recorded in 2003.
We ran the RIVER2D cdg files at the averaged fléovghe month preceding the date of redd
location data collection for steelhead/rainbow tr@able 1) to determine the combined habitat
suitability at individual points for RIVER2D. Wesad the horizontal location measured for each
redd to determine the location of each redd iInrRNER2D sites. We used a random number
generator to select locations without redds in esteh Locations were eliminated that: 1) were
less than 3 feet (0.91 meters) from a previoudkgesed location; 2) were less than 3 feet (0.91
meters) from a redd location; 3) were located enwletted part of the site; and 4) were located in
the site (between the upstream and downstreametts)s We used one-tailed Mann-Whitney U
tests (Zar 1984) to determine whether the combsugdbility predicted by RIVER2D for each

of the four alternative habitat suitability crit@rvas higher at redd locations versus locations
where redds were absent (Gard 2006, Gard 2009, §ftidod Budy 2004).

We also prepared overlays of combined suitabilitywteelhead/rainbow trout redds locations
recorded in 2002 and 2004 using both the criterid.iS. Fish and Wildlife Service (2008) and
the four alternative criteria. The locations adde in 2002 and 2004 were recorded with GPS,
and thus are not sufficiently accurate for purpagenducting Mann-Whitney U tests (Zar
1984) to determine whether the combined suitalpiisdicted by RIVER2D was higher at redd
locations versus locations where redds were absémivever, the overlays are useful to better
illustrate the entire range of habitat conditiossdiby spawning steelhead/rainbow trout in the
Yuba River. To determine the extent that errorsuibstrate simulation affected the biovalidation
results in U. S. Fish and Wildlife Service (2008% repeated the Mann-Whitney U tests (Zar
1984) in U. S. Fish and Wildlife Service (2008)determine whether the combined suitability
predicted by RIVER2D was higher at redd locatioessus locations where redds were absent,
but substituted the actual measured substrateldtioeations in computing the combined
suitability of occupied locations.

Habitat Smulation

The final step was to simulate available habitaefich site. Preference curve files were created
containing each of the four alternative digitize8Cifor steelhead/rainbow trout. RIVER2D was
used with the final cdg production files, the sudist files and the preference curve files to
compute WUA for each site over the desired ranggdfows for all 10 sites. The WUA values
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for the sites in each segment were added togettdemailtiplied by the ratio of total redds
counted in the segment to number of redds in theéetmtg sites for that segment to produce the
total WUA per reach. The steelhead/rainbow troultipliers were calculated using redd counts
from 2002-2004.

RESULTS
Habitat Quitability Criteria (HSC) Devel opment

The logistic regression using only occupied andcaapied data from upstream of Highway 20
used 159 occupied (86 percent of the total numbsteelhead/rainbow trout redds) and 600
unoccupied (200 each from Highway 20, Timbuctoo d@dSierra sites) observations. The
coefficients for the final logistic regressions al®wn in Table 2. The p values for all of the
non-zero coefficients in Table 2 were less thab,0a8 were the p values for the overall
regressions. The steelhead/rainbow trout HSC stiewiéability reaching 0.9 at a depth of 3.2
feet (0.98 meters) and not decreasing with incngadepth. We were not able to apply the depth
correction method of Gard (1998) because the @intdria stayed at a suitability of 1.00 up to
the depth of the deepest steelhead/rainbow troldgt\wne observed. The final depth and velocity
criteria determined from only occupied and unocedmlata from upstream of Highway 20,
compared to the depth and velocity criteria fronSUFish and Wildlife Service (2008), are
shown in Figures 2 and 3.

We were not able to calculate a density of steellnagbow trout redds for the depth increment
of 19.5 to 20.5 feet (5.94 to 6.25 meters), sihesd was no area in any of the six study sites
with depths greater than 19.4 feet (5.91 metan#@. only observed one redd in this depth
increment and it was not located in any of our gtites. The highest density we were able to
compute (652 redds/10,000)mvas for the depth increment of 18.5 to 19.5 e84 to 5.94
meters); we did not use this data point in develgphe density-based depth HSC, since it was
such an obvious outlier, with a density that wasertban an order of magnitude greater than the
density for any of the other depth increments. iiimal polynomial linear regression indicated
that the density for the depth increment of 16.5%® feet (5.03 to 5.33 meters) was an outlier
and had a large leverage and influence; accordimgdydid not use this data point in developing
the density-based depth HSC. We used a bandwiditiar the kernel smoothing of the depth
density-based HSC to remove trough or dips in tB€ khat were likely artifacts of small sample
sizes (TRPA 2001). The smoothed depth HSC reaamedximum value at 15.4 feet (4.69
meters); we used a linear decrease in suitabitiy fthat depth to a suitability of zero at 20 feet
(6.10 meters), which is greater than the deepestrstad/rainbow trout redd we observed (19.9
feet (6.07 meters)). We used a bandwidth of 1Herkernel smoothing of the velocity density-
based HSC to best represent the densities uptte @22 m/s). However, we used a linear
increase from the smoothed HSC value of 0.33 & #/2 (1.30 m/s) to the smoothed HSC value
of 0.34 at 6.73 ft/s (2.05 m/s) to remove a troumgtine smoothed HSC values between those
velocities that we concluded was an artifact oflssenple sizes for the velocity increments
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Table 2. Logistic regression coefficients and R? values. The R? values are McFadden’s
Rho-squared values.

parameter | J K L M R?
depth  -5.2817 2.50813 -0.75673 0.059971 0.65
velocity -5.5523 4.209993 -1.09807 0.081385 0.12
1
0.8
06 —Hsl
_ — H 5| A
T
0.4
0.2 4
D T T T
0 i) 10 14 20
Diepth it

Figure 2. Steelhead/rainbow trout spawning depth HSC determined only using
occupied and unoccupied data from upstream of Highway 20 (HSI alt) and the depth
HSC from U. S. Fish and Wildlife Service (2008). The HSC determined only using
occupied and unoccupied data from upstream of Highway 20 show that
steelhead/rainbow trout spawning reaches a suitability of 0.9 at a depth of 3.2 feet (0.98
meters) and an optimum suitability at depths of 7.0 to 19.9 feet (2.13 to 6.07 meters).
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Figure 3. Steelhead/rainbow trout spawning velocity HSC determined only using
occupied and unoccupied data from upstream of Highway 20 (HSI alt) and the velocity
HSC from U. S. Fish and Wildlife Service (2008). The HSC determined only using
occupied and unoccupied data from upstream of Highway 20 show that
steelhead/rainbow trout spawning has an optimum suitability at velocities of 2.6 to 2.9
feet/sec (0.79 to 0.88 meters/sec).

greater than 4.25 to 4.75 ft/s (1.30 to 1.45 ntb®);densities in this velocity range were based on
velocity increments with 4 or fewer redds. Thefidensity-based depth and velocity criteria,
along with the frequency distributions of redd dees, are shown in Figures 4 and 5. The
alternative criteria used in the sensitivity analysiith the exception of the geometric mean
calculations, are given in Appendix A. The geomeatiean alternative criteria used the
univariate criteria in U. S. Fish and Wildlife S (2008), with the geometric mean calculation
performed using an alternative habitat calculatiption in River2D.

Biological Verification

Univariate (depth, velocity and substrate) halstatability predicted by RIVER2D using the
criteria in U. S. Fish and Wildlife Service (20G8)each redd location in the six study sites
where steelhead/rainbow trout redds locations wererded in 2003 is shown in Appendix B.
The performance of the 2-D model relative to remtghtions with a combined suitability of zero
were the same for all four alternative HSC (exdepthe Clear Creek criteria) and the HSC in
U. S. Fish and Wildlife Service (2008). The 2-Ddebpredicted that 4 of the 36 (11%) redd
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locations had a combined suitability of zero. Thaal a combined suitability of zero due to the
predicted substrate being too large (substratescotié.8, 8, 9 and 10), and two had a combined
suitability of zero because the location was piedi¢o be dry by the 2-D model. Both the
original HSC in U. S. Fish and Wildlife Service 0B) and the four alternative HSC have zero
suitabilities for these conditions. The Clear @resteria had an additional 4 redd locations with
a combined suitability of zero, for a total of 8tbé 36 (22%) of the redd location with zero
suitability. For these additional locations, twadhzero suitability because the velocity was too
low (less than 0.61 ft/s (0.19 m/s)) and two beeahs velocity was too high (greater than 3.89
ft/s (1.19 m/s)).

The combined habitat suitability predicted by thB thodel using the alternative criteria
determined only from occupied and unoccupied dasdreaam of Highway 20 was significantly
higher for locations with redds (median = 0.24532) than for locations without redds (median
=0.0004, n = 600), based on the Mann-Whitney t)(tés= 4298, p < 0.000001). The frequency
distribution of combined habitat suitability usitige alternative criteria determined only from
occupied and unoccupied data upstream of Highwdpr2@cations with steelhead/rainbow
trout redds is shown in Figure 6, while the frequedistribution of combined habitat suitability
for locations without redds is shown in Figure 7.

The combined habitat suitability predicted by thB Ehodel using the Clear Creek criteria was
significantly higher for locations with redds (madi= 0.18, n =36) than for locations without
redds (median = 0, n = 1200), based on the Manrnta&$il test (U = 8065, p < 0.000001). The
frequency distribution of combined habitat suitépiising the Clear Creek criteria for locations
with steelhead/rainbow trout redds is shown in Fagdi while the frequency distribution of
combined habitat suitability for locations withaetds is shown in Figure 9.

The combined habitat suitability predicted by thB thodel using the density-based criteria was
significantly higher for locations with redds (madi= 0.10, n =36) than for locations without
redds (median = 0.006, n = 1200), based on the NMéhiiney U test (U = 9121, p < 0.000001).
The frequency distribution of combined habitat alility using the density-based criteria for
locations with steelhead/rainbow trout redds isrsh Figure 10, while the frequency
distribution of combined habitat suitability forciations without redds is shown in Figure 11.

The combined habitat suitability predicted by thB thodel using the geometric mean-based
criteria was significantly higher for locations itedds (median = 0.42, n =36) than for
locations without redds (median = 0.142, n = 126@%ed on the Mann-Whitney U test (U =
9601, p < 0.000001). The frequency distributiomaibined habitat suitability using the
geometric mean criteria for locations with steethiesinbow trout redds is shown in Figure 12,
while the frequency distribution of combined habsaitability for locations without redds is
shown in Figure 13.
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Figure 6. Combined suitability using the alternative criteria determined only from
occupied and unoccupied data upstream of Highway 20 for 2-D model locations with
steelhead/rainbow trout redds. The median combined suitability for occupied locations
was 0.245.
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Figure 7. Combined suitability using the alternative criteria determined only from
occupied and unoccupied data upstream of Highway 20 for 2-D model locations without
steelhead/rainbow trout redds. The median combined suitability for unoccupied
locations was 0.0004.
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Figure 8. Combined suitability using the Clear Creek alternative criteria for 2-D model

locations with steelhead/rainbow trout redds. The median combined suitability for
occupied locations was 0.18.
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Figure 9. Combined suitability using the Clear Creek alternative criteria for 2-D model
locations without steelhead/rainbow trout redds. The median combined suitability for
unoccupied locations was 0.
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Figure 10. Combined suitability using the density-based alternative criteria for 2-D
model locations with steelhead/rainbow trout redds. The median combined suitability
for occupied locations was 0.10.

Frequency

700 ~

600 -

500 ~

400

Frequency

300 ~
200 ~

100 -

o I =

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Combined Habitat Suitability
Figure 11. Combined suitability using the density-based alternative criteria for 2-D
model locations without steelhead/rainbow trout redds. The median combined
suitability for unoccupied locations was 0.006.

USFWS, SFWO, Energy Pl anning and | nstream Fl ow Branch
Yuba River Spawning Sensitivity Analysis Report
August 26, 2010 12



Frequency

0.9 1

0 m I
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

Combined Habitat Suitability

Figure 12. Combined suitability using the geometric mean-based alternative criteria for
2-D model locations with steelhead/rainbow trout redds. The median combined
suitability for occupied locations was 0.42.
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Figure 13. Combined suitability using the geometric mean-based alternative criteria for
2-D model locations without steelhead/rainbow trout redds. The median combined
suitability for unoccupied locations was 0.142.
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Using the actual measured substrate at redd losatiocomputing the combined suitability of
occupied locations, the combined habitat suitalydredicted by the 2-D model using the original
criteria in U. S. Fish and Wildlife Service (2008as significantly higher for locations with

redds (median = 0.10, n =36) than for location$auit redds (median = 0.004, n = 1200), based
on the Mann-Whitney U test (U = 7487, p < 0.00000hge frequency distribution of combined
habitat suitability at redd locations using theuatimeasured substrate at these locations is
shown in Figure 14, while the frequency distribotaf combined habitat suitability for locations
without redds is unchanged from that presented.i8.Urish and Wildlife Service (2008).

Using the actual measured substrate at redd losatibe 2-D model predicted that 2 of the 36
(6%) redd locations had a combined suitability @foz in both cases because the location was
predicted to be dry by the 2-D model.

The location of steelhead/rainbow trout redds iG2fklative to the distribution of combined
suitability for all of the four alternative criteris shown in Appendix C The location of
steelhead/rainbow trout redds in 2002 and 2004ivelto the distribution of combined
suitability for the original criteria in U. S. Figind Wildlife Service (2008) and all of the four
alternative criteria are shown in Appendix D.

Habitat Smulation

The ratios of total redds counted in the segmentutaber of redds in the modeling sites for that
segment were as follows: steelhead/rainbow trdagwé Daguerra Segment = 1.76, Below
Daguerra Segment = 1.25. The flow habitat relatigps for the four alternative criteria are
shown in Figures 15 to 22. Table 3 shows the flatwghich the 2-D model predicts the highest
total WUA for the Above Daguerra and Below Dagu&egments using the criteria in U. S. Fish
and Wildlife Service (2008) and the four alternatoriteria.

DISCUSSION
Habitat Quitability Criteria (HSC) Devel opment

The differences between the criteria in U.S. Fisth @/ildlife Service (2008) and the alternative
criteria calculated only using data from upstredrAlighway 20 can be attributed primarily to
the greater availability of deeper yet slower ctinds upstream of Daguerra Point Dam, versus
downstream of Daguerra Point Dam. Since 86 pexfahie steelhead/rainbow trout redds were
upstream of Highway 20, both sets of criteria usedtly the same data for occupied locations.
The greater availability of deeper conditions ugestn of Daguerra Point Dam shifted the

2 For the criteria calculated only from data upstex Highway 20, results are only given in
Appendix C for the three sites upstream of Dagueaiat Dam, since data from downstream of
Daguerra Point Dam was not used to develop théseiar
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Figure 14. Combined suitability using the criteria from U. S. Fish and Wildlife Service
(2008) and the measured substrate at redd locations for 2-D model locations with
steelhead/rainbow trout redds. The median combined suitability for occupied locations
was 0.10.

distribution of the unoccupied locations to deegerditions, but the criteria still showed a
preference for deeper conditions. However, th@ability of areas with depths in the range of 3
to 8 feet (0.91 to 2.44 meters) was significantghler with the alternative criteria calculated only
using data from upstream of Highway 20, compardtiéccriteria in U.S. Fish and Wildlife
Service (2008), resulting in approximately the sami&ability for depths of 3 to 19.9 feet (0.91
to 6.07 meters). In contrast, the slightly sloe@nditions upstream of Daguerra Point Dam,
versus downstream of Daguerra Point Dam, shiftedlistribution of unoccupied locations to
slightly slower conditions, and thus resulted ia #iternative criteria calculated only using data
from upstream of Highway 20 reaching an optimuntedaility at velocities of 2.6 to 2.9 feet/sec
(0.79 to 0.88 meters/sec), compared to an optiswitability for velocities of 2.1 to 2.2 feet/sec
(0.64 to 0.67 meters/sec) to for the criteria i® Urish and Wildlife Service (2008).

There are two possible hypotheses to explain tteilolition of steelhead/rainbow trout
spawning shown in Figure 1: 1) the lower avallgbof deeper conditions downstream of
Daguerra Point Dam results in most steelhead/rairtbaut spawning upstream of Daguerra
Point Dam, where there is greater availabilityhadit preferred deeper spawning habitat; or 2)
some other factor than the differential availapitit depths upstream versus downstream of
Daguerra Point Dam is controlling the distributmirsteelhead/rainbow trout spawning. If the
USFWS, SFWO, Energy Pl anning and | nstream Fl ow Branch
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Figure 15. Flow-habitat relationships above Daguerra Point Dam using the criteria from
U. S. Fish and Wildlife Service (2008) (original) and the criteria determined only using
occupied and unoccupied data from upstream of Highway 20 (Alternate). The flow with
the maximum steelhead/rainbow trout spawning habitat using the alternate criteria was
2,900 cfs.
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Figure 16. Flow-habitat relationship below Daguerra Point Dam using the criteria from
U. S. Fish and Wildlife Service (2008) (original) and the criteria determined only using
occupied and unoccupied data from upstream of Highway 20 (Alternate). The flow with
the maximum steelhead/rainbow trout spawning habitat using the alternate criteria was
3,700 cfs.
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Figure 17. Flow-habitat relationships above Daguerra Point Dam using the criteria from
U. S. Fish and Wildlife Service (2008) (original) and the Clear Creek criteria (Alternate).
The flow with the maximum steelhead/rainbow trout spawning habitat using the Clear
Creek criteria was 1,300 cfs.
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Figure 18. Flow-habitat relationships below Daguerra Point Dam using the criteria from
U. S. Fish and Wildlife Service (2008) (original) and the Clear Creek criteria (Alternate).
The flow with the maximum steelhead/rainbow trout spawning habitat using the Clear
Creek criteria was 1,000 cfs.
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Figure 19. Flow-habitat relationships above Daguerra Point Dam using the criteria from
U. S. Fish and Wildlife Service (2008) (original) and the density-based criteria
(Alternate). The flow with the maximum steelhead/rainbow trout spawning habitat using
the density-based criteria was 2,300 cfs.
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Figure 20. Flow-habitat relationships below Daguerra Point Dam using the criteria from
U. S. Fish and Wildlife Service (2008) (original) and the density-based criteria
(Alternate). The flow with the maximum steelhead/rainbow trout spawning habitat using
the density-based criteria was 4,500 cfs.

USFWS, SFWO, Energy Pl anning and | nstream Fl ow Branch
Yuba River Spawning Sensitivity Analysis Report
August 26, 2010 18



1,000,000

900,000 -

800,000 -

700,000

600,000

500,000

WUA (ft 2)

400,000 -
300,000 -
200,000 -

100,000 /\

0

T T T T T T T T
400 900 1400 1900 2400 2900 3400 3900 4400

Flow (cfs)

‘ — Alternate — Original ‘

Figure 21. Flow-habitat relationships above Daguerra Point Dam using the criteria from
U. S. Fish and Wildlife Service (2008) (original) and the geometric mean-based criteria
(Alternate). The flow with the maximum steelhead/rainbow trout spawning habitat using
the geometric mean-based criteria was 4,500 cfs.
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Figure 22. Flow-habitat relationships below Daguerra Point Dam using the criteria from
U. S. Fish and Wildlife Service (2008) (original) and the geometric mean-based criteria
(Alternate). The flow with the maximum steelhead/rainbow trout spawning habitat using
the geometric mean-based criteria was 4,500 cfs.
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Table 3. Flows (cfs) where the 2-D model predicts the highest total steelhead/rainbow
trout spawning WUA.

Criteria Above Daguerra Below Daguerra
U. S. Fish and Wildlife Service (2008) 2,100 1,800
Only using data from upstream of Highway 20 2,900 3,700
Clear Creek 1,300 1,000
Density-based 2,300 4,500
Geometric mean-based 4,500 4,500

first hypothesis is correct, the criteria in U.&H-and Wildlife Service (2008) should be used. If
the second hypothesis is correct, the criteriautaled only using data from upstream of
Highway 20 should be used. We are not aware ofiatg/ that could be used to test which
hypothesis is correct.

The differences between the criteria in U.S. Fisth @/ildlife Service (2008) and the Clear Creek
criteria can be attributed largely to Clear Creeln a much smaller stream than the Yuba
River; typical spawning flows for Clear Creek a®Zfs, while the typical flows in the Yuba
River during steelhead/rainbow trout spawning ar¢he order of 2,000 cfs. In Clear Creek, the
near absence of deeper conditions limits steell@atlbw trout spawning to depths of less than
4 feet (1.22 meters), while the availability, atdewv, of deeper conditions in the Yuba River
resulted in 34 percent of the steelhead/rainbowut tredds being in depths greater than 4 feet
(1.22 meters). Application of the Gard (1998) tlequirrection methodology for Clear Creek
rainbow trout/steelhead indicated that steelheaud/oav trout use was almost entirely controlled
by the availability of deep water having suitabédocities and substrates, resulting in the depth
suitability not reaching zero until 28.6 feet (8M2ters). For depths of 1.5 to 15.1 feet (0.46 to
4.60 meters), the Clear Creek and U.S. Fish andIigilService (2008) depth criteria are
essentially mirror images; the Clear Creek critdearease from a suitability of 1.0 at 1.5 feet
(0.30 to 0.46 meters) to 0.5 at 15.1 feet (4.6Cens@twhile the U.S. Fish and Wildlife Service
(2008) criteria increase from a suitability of 04i31.5 feet (0.46 meters) to a suitability of 4t0
15.1 feet (4.60 meters). We feel that the U.Sh Bisd Wildlife Service (2008) criteria better
capture the preference of Yuba River steelheadoairtrout for deeper conditions than the
Clear Creek criteria, and thus the U.S. Fish anldiMé Service (2008) criteria should be used
instead of the Clear Creek criteria. The Clear&neelocity criteria do not capture the full range
of velocities where we found steelhead/rainbowttredds in the Yuba River. The Clear Creek
criteria have zero suitability for velocities leban 0.61 feet/sec (0.19 meters/sec) or greatar tha
3.89 feet/sec (1.19 meters/sec). Three of the Riber steelhead/rainbow trout redds were
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found at velocities less than 0.61 feet/sec (0.&€ms/sec) and 22 (12 percent) of the Yuba River
steelhead/rainbow trout redds were found at veéscgreater than 3.89 feet/sec (1.19
meters/sec).

While there are some instances in the literaturer&skombined suitability has been calculated
using a geometric mean (Hanrahan et al. 2004, Rr&982, Hardy and Addley 2001), most
applications of habitat modeling use a productittaim combined suitability (Vadas and Orth
2001). Geometric mean calculations imply that gbablitat for one variable can compensate for
poor conditions for another variable, but yieldmweombined suitability when any habitat
variable is unsuitable (Vadas and Orth 2001). ¥aad Orth (2001) concluded that the product
method was superior to the geometric mean methcaluse it was consistently accurate and was
a simpler regression model. The density-basednaliiee criteria were generally similar to the
criteria in U.S. Fish and Wildlife Service (2008)th both showing suitability increasing up to
depths of 15 feet (4.57 meters) and having optsudbility for velocities around 2 feet/sec
(0.61 meters/sec). The density-based criteria sdg¢mbe more sensitive to outliers than the
criteria in U.S. Fish and Wildlife Service (2008)RPA (2001) also found similar results for
density-based and logistic regression-based @iteri

Biological Verification

There were no clear trends from the biologicalfieation results. The univariate plots in
Appendix A show that the low suitability of occugications using original criteria from U.S.
Fish and Wildlife Service (2008) was due in somsesao depth, in some cases to velocity and
in other cases to substrate. Overall, the unitedapth suitability plots show the low
availability of deeper conditions with high depthtability

We did not use a parametric test because the assungb normality of parametric tests was
violated, as shown in Figures 6 to 14, indicatimg appropriateness of nonparametric tests.

A large unbalanced sample size was appropriatéhi®test to reduce type Il errors, since
unoccupied depths, velocities and substrates haweca greater range of values than occupied
depths, velocities and substrates, and thus ditiastresults. Analogously, Thomas and Bovee
(1993) found that a minimum of 55 occupied and @00ccupied locations were required to
reduce type Il errors.The combined suitability ofapied locations was significantly greater
than the combined suitability of unoccupied locasidor the original criteria from U.S. Fish and
Wildlife Service (2008) and all four of the altetive criteria. The original criteria from U.S.
Fish and Wildlife Service (2008) had the highedtéatistic from the Mann-Whitney U test
(Table 4), while the geometric-mean based criteaid the highest median combined suitability
for occupied locations. Overall, three of the raétive criteria (the criteria based only on data
from upstream of Highway 20, the Clear Creek datand the geometric-mean based criteria)
had higher combined suitabilities for occupied tmres than the original criteria from U.S. Fish
and Wildlife Service (2008), but also had highembmed suitabilities for unoccupied locations
(Appendix C). Thus, while a case could be madettieaoriginal criteria from U.S. Fish and
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Table 4. Summary statistics of biological verification.

Median CSI
Criteria Occupied Unoccupied U
U. S. Fish and Wildlife Service (2008) 0.08 0.004 9881
Only using data from upstream of Highway 20 0.245 0.0004 4298
Clear Creek 0.18 0 8065
Density-based 0.10 0.006 9121
Geometric mean-based 0.42 0.142 9601

Wildlife Service (2008) underestimated the combiseiability of occupied locations, it could
also be argued that the above three alternatiterierioverestimated the combined suitability of
unoccupied locations. Finally, the Clear Creetecia performed worse than the other three
alternative criteria and the original criteria fraS. Fish and Wildlife Service (2008), with the
Clear Creek criteria predicting twice as many rieadtions with a combined suitability of zero
than the other criteria.

The plots of combined suitability versus redd lawag in 2002 and 2004 (Appendix D) clearly
showed the errors associated with the GPS dataXtmple, the redd shown on dry land for
Highway 20 Study Site in 2004). In general, th®@2@nd 2004 data show similar patterns to the
2003 data (in Appendix C). However, the 2004 diates show some of the redds that we found
in deeper waters (for example in the middle seabiotine Timbuctoo Study Site), although the
redd locations do not correspond to areas that preidicted to have high suitability using the
criteria from U.S. Fish and Wildlife Service (2008)his lack of correspondence could be due to
errors in the GPS data, since redds in the midsttean of the Timbuctoo Study Site are located
near areas that were predicted to have high sliiyalsing the criteria from U.S. Fish and
Wildlife Service (2008).

Habitat Smulation

With the exception of the Clear Creek criteria, fllogv-habitat relationships were not sensitive to
the criteria, with all of the flow-habitat relatisinips from criteria derived from data collected on
the Yuba River having similar shapes. In fact,ttivee alternative criteria developed from Yuba
River data had the highest total steelhead/rainipowt spawning WUA at higher flows than the
original criteria from U.S. Fish and Wildlife Sece (2008) for both the Above Daguerra and
Below Daguerra segments (Table 3). The flow-hab@tionships from the density-based
criteria were closest to the flow-habitat relatioips given in U.S. Fish and Wildlife Service
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(2008), reflecting the similarity between the dgnbiased criteria and the original criteria from
U.S. Fish and Wildlife Service (2008). The biggeifterence between the flow-habitat
relationships using the three other alternativiega, versus the original criteria from U.S. Fish
and Wildlife Service (2008), was a much greater mtage of habitat at all flows. Geometric
mean-based criteria typically show this trend, sitie combined suitability will be greater for
any given point than the combined suitability cébed from the product of the individual
suitabilities, simply because the geometric medhagroduct raised to the 1/3 power. The
greater magnitude of habitat at all flows for thiéecia developed only from data upstream of
Highway 20 and the Clear Creek criteria, as contbtoehe original criteria from U.S. Fish and
Wildlife Service (2008), is largely due to the heglsuitability of intermediate depths for these
two alternative criteria.

CONCLUSION

Based on the results of this sensitivity analysis feel that the flow-habitat relationships for
steelhead/rainbow trout spawning using the altereatiteria calculated only using occupied
and unoccupied data from upstream of Highway 20 ¢diesracterize the habitat requirements for
steelhead/rainbow trout spawning in the Yuba River.
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APPENDIX A
STEELHEAD/RAINBOW TROUT SPAWNING HABITAT SUITABILITY CRITERIA
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Criteria calculated with only data from upstream of Highway 20

Water Water Substrate
Velocity (ft/s) Sl Value Depth (ft) Sl Value Code Sl Value

0.00 0.00 0.0 0.00 0 0.00
0.08 0.00 0.3 0.00 0.1 0.00
0.09 0.02 0.4 0.01 1 0.13
0.20 0.02 0.7 0.01 1.2 1.00
0.30 0.03 0.8 0.02 1.3 0.85
0.60 0.09 0.9 0.02 2.4 0.28
0.70 0.12 1.0 0.03 3.5 0.16
0.80 0.15 1.1 0.04 4.6 0.05
0.90 0.20 1.2 0.06 6.8 0.00
1.00 0.24 1.3 0.08 100 0.00
1.10 0.30 1.4 0.10
1.20 0.35 1.5 0.14
1.30 0.41 1.6 0.18
1.40 0.48 1.7 0.23
1.50 0.54 1.8 0.29
1.60 0.60 1.9 0.36
1.70 0.67 2.0 0.43
1.80 0.72 2.1 0.51
1.90 0.78 2.2 0.58
2.00 0.83 2.3 0.64
2.10 0.87 2.4 0.70
2.20 0.91 25 0.74
2.40 0.96 2.6 0.78
2.60 1.00 2.7 0.82
2.90 1.00 2.8 0.84
3.30 0.94 2.9 0.86
3.40 0.91 3.0 0.88
3.50 0.88 3.1 0.89
3.80 0.79 3.2 0.90
4.10 0.68 3.3 0.91
4.20 0.65 3.4 0.92
4.30 0.61 3.8 0.92
4.40 0.58 6.5 0.94
4.60 0.51 6.6 0.96
5.10 0.38 6.7 0.97
5.20 0.36 6.8 0.98
5.30 0.34 6.9 0.99
6.10 0.27 7.0 1.00
6.20 0.26 19.9 1.00
6.30 0.27 20.0 0.00
6.80 0.30 100.0 0.00
6.90 0.32
6.92 0.33
6.93 0.00

100.00 0.00
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Clear Creek criteria

Water Water Substrate
Velocity (ft/s) Sl Value Depth (ft) SI Value Composition Sl Value

0.00 0.00 0.0 0.00 0 0.00
0.60 0.00 0.3 0.00 0.1 0.00
0.61 0.08 0.4 0.16 1 0.38
0.70 0.14 0.5 0.26 1.2 1.00
0.80 0.25 0.6 0.38 1.3 0.44
0.90 0.38 0.7 0.51 2.3 0.26
1.00 0.53 0.8 0.64 2.4 0.07
1.10 0.66 0.9 0.75 34 0.06
1.20 0.78 1.0 0.85 35 0.04
1.30 0.87 1.1 0.92 4.6 0.01
1.40 0.94 1.2 0.96 6.8 0.00
1.50 0.98 1.3 0.99 10 0.00
1.60 1.00 1.4 1.00 100 0.00
1.70 1.00 1.5 1.00

1.80 0.99 28.6 0.00

1.90 0.97 100 0.00

2.00 0.95

2.10 0.93

2.20 0.90

2.30 0.87

2.40 0.85

2.50 0.82

2.60 0.80

2.70 0.78

2.80 0.76

2.90 0.73

3.00 0.70

3.10 0.66

3.20 0.61

3.30 0.56

3.40 0.49

3.50 0.41

3.60 0.33

3.70 0.25

3.80 0.17

3.89 0.11

3.90 0.00

100 0.00
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Density criteria

Water Water Substrate
Velocity (ft/s) Sl Value Depth (ft) Sl Value Composition Sl Value
0.00 0.00 0.0 0.00 0 0.00
0.06 0.00 0.3 0.00 0.1 0.00
0.13 0.03 0.9 0.09 1 0.13
0.40 0.08 15 0.14 1.2 1.00
0.68 0.19 2.1 0.19 1.3 0.85
0.95 0.35 2.8 0.25 2.4 0.28
1.23 0.52 3.4 0.29 3.5 0.16
1.50 0.71 4.0 0.33 4.6 0.05
1.78 0.87 4.7 0.35 6.8 0.00
2.05 1.00 5.3 0.38 100 0.00
2.33 0.97 5.9 0.42
2.60 0.92 6.6 0.47
2.88 0.80 7.2 0.53
3.15 0.67 7.8 0.60
3.43 0.54 8.4 0.68
3.70 0.46 9.1 0.76
3.98 0.39 9.7 0.81
4.25 0.33 10.3 0.83
6.73 0.34 11.0 0.84
6.93 0.00 11.6 0.88
100.00 0.00 12.2 0.92
12.9 0.96
135 0.97
14.1 0.97
14.7 0.97
15.4 1.00
20.0 0.00
100.0 0.00
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APPENDIX B
RIVER2D UNIVARIATE HABITAT SUITABILITY OF REDD LOCATIONS!

! For all pages, for Ve ocity, Depth, and Substrate Suitability : 1 = optimal, 0 = unusable.
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Appendix B
U.C. SIERRA STUDY SITE, APRIL 8-10, 2003, FLOW = 2386 CFS
STEELHEAD/RAINBOW TROUT SPAWNING
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Appendix B

U.C. SIERRA STUDY SITE, APRIL 8-10, 2003, FLOW = 2386 CFS
STEELHEAD/RAINBOW TROUT SPAWNING
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Appendix B
U.C. SSERRA STUDY SITE, APRIL 8-10, 2003, FLOW = 2386 CFS
STEELHEAD/RAINBOW TROUT SPAWNING
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Appendix B

TIMBUCTOO STUDY SITE, APRIL 8-10, 2003, FLOW = 2386 CFS
STEELHEAD/RAINBOW TROUT SPAWNING

Scale: 1: 2490
Redd locations: e
USFWS, SFWO, Energy Pl anning and | nstream Fl ow Branch

Yuba River Spawning Sensitivity Analysis Report
August 26, 2010

Depth Suitability

1.00
0.an
0.0
L]
0.0
0.s0
0.40
0.30 /
020
010 )
]

0.00

A Scale: 1: 1770

33



Appendix B
TIMBUCTOO STUDY SITE, APRIL 8-10, 2003, FLOW = 2386 CFS
STEELHEAD/RAINBOW TROUT SPAWNING (CONTINUED)

Depth Suitability "
1.00 Va
0.0
030 4
N /
o.rn
0.60
A 0.s0 ’/

0.40

030
020
o010

0.an

Scale: 1: 623
Redd locations: e
USFWS, SFWO, Energy Pl anning and | nstream Fl ow Branch

Yuba River Spawning Sensitivity Analysis Report
August 26, 2010

34



Appendix B
TIMBUCTOO STUDY SITE, APRIL 8-10, 2003, FLOW = 2386 CFS
STEELHEAD/RAINBOW TROUT SPAWNING
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Appendix B

Scale: 1: 623
Redd locations:

A

TIMBUCTOO STUDY SITE, APRIL 8-10, 2003, FLOW = 2386 CFS
STEELHEAD/RAINBOW TROUT SPAWNING (CONTINUED)
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Appendix B
TIMBUCTOO STUDY SITE, APRIL 8-10, 2003, FLOW = 2386 CFS
STEELHEAD/RAINBOW TROUT SPAWNING 5
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Appendix B
TIMBUCTOO STUDY SITE, APRIL 8-10, 2003, FLOW = 2386 CFS
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Appendix B

HIGHWAY 20 STUDY SITE, APRIL 8-10, 2003, FLOW = 2386 CFS
STEELHEAD/RAINBOW TROUT SPAWNING
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Appendix B

HIGHWAY 20 STUDY SITE, APRIL 8-10, 2003, FLOW = 2386 CFS
STEELHEAD/RAINBOW TROUT SPAWNING
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Appendix B
HIGHWAY 20 STUDY SITE, APRIL 8-10, 2003, FLOW = 2386 CFS
STEELHEAD/RAINBOW TROUT SPAWNING

Substrate Suitability A
1.00
0.0
0.a0

0.

060
050
0.40
0.30
0.20
010
0.00

Scale: 1: 1994
Redd locations: @
USFWS, SFWO, Energy Pl anning and | nstream Fl ow Branch

Yuba River Spawning Sensitivity Analysis Report
August 26, 2010

41



Appendix B
UPPER DAGUERRA STUDY SITE
STEELHEAD/RAINBOW TROUT SPAWNING, APRIL 8-10, 2003, FLOW = 2364 CFS
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Appendix B
UPPER DAGUERRA STUDY SITE
STEELHEAD/RAINBOW TROUT SPAWNING, APRIL 8-10, 2003, FLOW = 2364 CFS
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Appendix B
UPPER DAGUERRA STUDY SITE

STEELHEAD/RAINBOW TROUT SPAWNING, APRIL 8-10, 2003, FLOW = 2364 CFS
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Appendix B
LOWER DAGUERRA STUDY SITE
STEELHEAD/RAINBOW TROUT SPAWNING, APRIL 8-10, 2003, FLOW = 2364 CFS
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Appendix B
LOWER DAGUERRA STUDY SITE
STEELHEAD/RAINBOW TROUT SPAWNING, APRIL 8-10, 2003, FLOW = 2364 CFS
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Appendix B
LOWER DAGUERRA STUDY SITE
STEELHEAD/RAINBOW TROUT SPAWNING, APRIL 8-10, 2003, FLOW = 2364 CFS

Substrate Suitability

1.00
040
0.0

nvo

Scale: 1: 2034
Redd locations: @
USFWS, SFWO, Energy Pl anning and | nstream Fl ow Branch

Yuba River Spawning Sensitivity Analysis Report
August 26, 2010

47



Appendix B
HALLWOOD STUDY SITE

STEELHEAD/RAINBOW TROUT SPAWNING, APRIL 8-10, 2003, FLOW = 2455 CFS
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Appendix B
HALLWOOD STUDY SITE
STEELHEAD/RAINBOW TROUT SPAWNING, APRIL 8-10, 2003, FLOW = 2455 CFS
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Appendix B
HALLWOOD STUDY SITE
STEELHEAD/RAINBOW TROUT SPAWNING, APRIL 8-10, 2003, FLOW = 2455 CFS
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APPENDIX C
RIVER2D HABITAT SUITABILITY OF 2003
STEELHEAD/RAINBOW TROUT REDD LOCATIONS'

1 For al pages, Combined Suitability: 1 = optimal, 0 = unusable
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Appendix C
U.C. SIERRA STUDY SITE, APRIL 8-10, 2003, FLOW = 2399 CFS
CRITERIA USING ONLY DATA FROM UPSTREAM OF HIGHWAY 20
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Appendix C

U.C. SIERRA STUDY SITE, APRIL 8-10, 2003, FLOW = 2399 CFS
GEOMETRIC MEAN CRITERIA
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Appendix C

U.C. SIERRA STUDY SITE, APRIL 8-10, 2003, FLOW = 2399 CFS
CLEAR CREEK CRITERIA
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Appendix C

U.C. SIERRA STUDY SITE, APRIL 8-10, 2003, FLOW = 2399 CFS
DENSITY CRITERIA
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Appendix C

TIMBUCTOO STUDY SITE, APRIL 8-10, 2003, FLOW = 2399 CFS
CRITERIA USING ONLY DATA FROM UPSTREAM OF HIGHWAY 20
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Appendix C
TIMBUCTOO STUDY SITE, APRIL 8-10, 2003, FLOW = 2399 CFS
CRITERIA USING ONLY DATA FROM UPSTREAM OF HIGHWAY 20 (CONTINUED)
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Appendix C
TIMBUCTOO STUDY SITE, APRIL 8-10, 2003, FLOW = 2399 CFS
GEOMETRIC MEAN CRITERIA
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Appendix C
TIMBUCTOO STUDY SITE, APRIL 8-10, 2003, FLOW = 2399 CFS
GEOMETRIC MEAN CRITERIA (CONTINUED)
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Appendix C
TIMBUCTOO STUDY SITE, APRIL 8-10, 2003, FLOW = 2399 CFS
CLEAR CREEK CRITERIA
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Appendix C
TIMBUCTOO STUDY SITE, APRIL 8-10, 2003, FLOW = 2399 CFS
CLEAR CREEK CRITERIA (CONTINUED)

Combined Suitability N

1.00 J
nan <

p
080

oyn
060 /

050 ///
S
[ Q'é" s y
030 ‘/ Ve A
0.20 P Pt
Ve
040 ;
= /
0.00 (

Scale: 1:915
Redd locations: e
USFWS, SFWO, Energy Pl anning and | nstream Fl ow Branch

Yuba River Spawning Sensitivity Analysis Report
August 26, 2010

61



Appendix C

TIMBUCTOO STUDY SITE, APRIL 8-10, 2003, FLOW = 2399 CFS
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Appendix C
TIMBUCTOO STUDY SITE, APRIL 8-10, 2003, FLOW = 2399 CFS
DENSITY CRITERIA (CONTINUED)
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Appendix C
HIGHWAY 20 STUDY SITE, APRIL 8-10, 2003, FLOW = 2399 CFS
CRITERIA USING ONLY DATA FROM UPSTREAM OF HIGHWAY 20
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Appendix C

HIGHWAY 20 STUDY SITE, APRIL 8-10, 2003, FLOW = 2399 CFS
GEOMETRIC MEAN CRITERIA
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Appendix C

HIGHWAY 20 STUDY SITE, APRIL 8-10, 2003, FLOW = 2399 CFS
CLEAR CREEK CRITERIA
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Appendix C
HIGHWAY 20 STUDY SITE, APRIL 8-10, 2003, FLOW = 2399 CFS
DENSITY CRITERIA
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Appendix C

UPPER DAGUERRA STUDY SITE, APRIL 8-10, 2003, FLOW = 2399 CFS
GEOMETRIC MEAN CRITERIA
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Appendix C
UPPER DAGUERRA STUDY SITE, APRIL 8-10, 2003, FLOW = 2399 CFS
CLEAR CREEK CRITERIA
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Appendix C

UPPER DAGUERRA STUDY SITE, APRIL 8-10, 2003, FLOW = 2399 CFS
DENSITY CRITERIA
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Appendi:
LOWER DAGUERRA STUDY SITE, APRIL 8-10, 2003, FLOW = 2399 CFS
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Appenc

LOWER DAGUERRA STUDY SITE, APRIL 8-10, 2003, FLOW = 2399 CFS
Cormbined Suitahility CLEAR CREEK CRITERIA
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Appendi:
LOWER DAGUERRA STUDY SITE, APRIL 8-10, 2003, FLOW = 2399 CFS
Combined Suitability DENSITY CRITERIA
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Appendix C

HALLWOOD STUDY SITE, APRIL 8-10, 2003, FLOW = 2399 CFS
GEOMETRIC MEAN CRITERIA
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Appendix C

HALLWOOD STUDY SITE, APRIL 8-10, 2003, FLOW = 2399 CFS
CLEAR CREEK CRITERIA
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Appendix C

HALLWOOD STUDY SITE, APRIL 8-10, 2003, FLOW = 2399 CFS
DENSITY CRITERIA
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APPENDIX D
RIVER2D HABITAT SUITABILITY OF 2002 AND 2004
STEELHEAD/RAINBOW TROUT REDD LOCATIONS !

1 For al pages, Combined Suitability: 1 = optimal, 0 = unusable
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Appendix D
U.C. SIERRA STUDY SITE 2002, MARCH 4-APRIL 23, 2002 FLOW = 2281 CFS
CRITERIA FROM U.S. FISH AND WILDLIFE SERVICE (2008)
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Appendix D
U.C. SIERRA STUDY SITE 2002, MARCH 4-APRIL 23, 2002 FLOW = 2281 CFS
CRITERIA USING ONLY DATA FROM UPSTREAM OF HIGHWAY 2 0
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Appendix D
U.C. SIERRA STUDY SITE 2002, MARCH 4-APRIL 23, 2002 FLOW = 2281 CFS
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Appendix D
U.C. SIERRA STUDY SITE 2002, MARCH 4-APRIL 23, 2002 FLOW = 2281 CFS
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Appendix D
U.C. SIERRA STUDY SITE 2002, MARCH 4-APRIL 23, 2002 FLOW = 2281 CFS
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Appendix D

TIMBUCTOO STUDY SITE, JANUARY 7 — FEBRUARY 6, 2002, FLOW = 1838 CFS
CRITERIA FROM U.S. FISH AND WILDLIFE SERVICE (2008)
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Appendix D
TIMBUCTOO STUDY SITE, JANUARY 7 — FEBRUARY 6, 2002, FLOW = 1838 CFS
CRITERIA FROM U.S. FISH AND WILDLIFE SERVICE (2008) (CONTINUED)
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Appendix D
TIMBUCTOO STUDY SITE, JANUARY 7 — FEBRUARY 6, 2002, FLOW = 1838 CFS
CRITERIA USING ONLY DATA FROM UPSTREAM OF HIGHWAY 2 0
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Appendix D
TIMBUCTOO STUDY SITE, JANUARY 7 — FEBRUARY 6, 2002, FLOW = 1838 CFS
CRITERIA USING ONLY DATA FROM UPSTREAM OF HIGHWAY 2 0 (CONTINUED)
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Appendix D
TIMBUCTOO STUDY SITE, JANUARY 7 — FEBRUARY 6, 2002, FLOW = 1838 CFS
GEOMETRIC MEAN CRITERIA
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Appendix D
TIMBUCTOO STUDY SITE, JANUARY 7 — FEBRUARY 6, 2002, FLOW = 1838 CFS
GEOMETRIC MEAN CRITERIA (CONTINUED)
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Appendix D
TIMBUCTOO STUDY SITE, JANUARY 7 — FEBRUARY 6, 2002, FLOW = 1838 CFS
CLEAR CREEK CRITERIA
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Appendix D
TIMBUCTOO STUDY SITE, JANUARY 7 — FEBRUARY 6, 2002, FLOW = 1838 CFS
CLEAR CREEK CRITERIA (CONTINUED)
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Appendix D
TIMBUCTOO STUDY SITE, JANUARY 7 — FEBRUARY 6, 2002, FLOW = 1838 CFS
DENSITY CRITERIA
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Appendix D
TIMBUCTOO STUDY SITE, JANUARY 7 — FEBRUARY 6, 2002, FLOW = 1838 CFS
DENSITY CRITERIA
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Appendix D

TIMBUCTOO STUDY SITE, MARCH 12 - APRIL 11, 2002, FL OW = 2,353 CFS
CRITERIA FROM U.S. FISH AND WILDLIFE SERVICE (2008 )
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Appendix D
TIMBUCTOO STUDY SITE, MARCH 12 - APRIL 11, 2002, FL OW = 2,353 CFS
CRITERIA FROM U.S. FISH AND WILDLIFE SERVICE (2008 ) (CONTINUED)
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Appendix D

TIMBUCTOO STUDY, MARCH 12 - APRIL 11, 2002, FLOW = 2,353 CFS
CRITERIA USING ONLY DATA FROM UPSTREAM OF HIGHWAY 20
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Appendix D
TIMBUCTOO STUDY SITE, MARCH 12 - APRIL 11, 2002, FL OW = 2,353 CFS
CRITERIA USING ONLY DATA FROM UPSTREAM OF HIGHWAY 20 (CONTINUED)
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Appendix D
TIMBUCTOO STUDY SITE, MARCH 12 - APRIL 11, 2002, FL OW = 2,353 CFS
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Appendix D
TIMBUCTOO STUDY SITE, MARCH 12 - APRIL 11, 2002, FLOW = 2,353 CFS
Y GEOMETRIC MEAN CRITERIA (CONTINUED)
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Appendix D
TIMBUCTOO STUDY SITE, MARCH 12 - APRIL 11, 2002, FL OW = 2,353 CFS
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Appendix D
TIMBUCTOO STUDY SITE, MARCH 12 - APRIL 11, 2002, FL OW = 2,353 CFS
CLEAR CREEK CRITERIA (CONTINUED)
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Appendix D

TIMBUCTOO STUDY SITE, MARCH 12 - APRIL 11, 2002, FL OW = 2,353 CFS
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Appendix D
TIMBUCTOO STUDY, MARCH 12 - APRIL 11, 2002, FLOW = 2,353 CFS
DENSITY CRITERIA (CONTINUED)
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Appendix D
TIMBUCTOO STUDY SITE, MARCH 6 — APRIL 5, 2004, FLOW = 2,546 CFS
CRITERIA FROM U.S. FISH AND WILDLIFE SERVICE (2008 )
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Appendix D
TIMBUCTOO STUDY SITE, MARCH 6 — APRIL 5, 2004, FLOW = 2,546 CFS
CRITERIA FROM U.S. FISH AND WILDLIFE SERVICE (2008 ) (CONTINUED)
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Appendix D

TIMBUCTOO STUDY SITE, MARCH 6 — APRIL 5, 2004, FLOW = 2,546 CFS
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Appendix D
TIMBUCTOO STUDY SITE, MARCH 6 — APRIL 5, 2004, FLOW = 2,546 CFS
CRITERIA USING ONLY DATA FROM UPSTREAM OF HIGHWAY 20 (CONTINUED)
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Appendix D
TIMBUCTOO STUDY SITE, MARCH 6 — APRIL 5, 2004, FLOW = 2,546 CFS
GEOMETRIC MEAN CRITERIA

Combined Suitability

Combined Suitahbility

1.00 B
a0 100
070 080 !
/
060 0.70 !
0.50 0.80 ! \’
} s
050 ;
0.40 L !
r
030 040 / r’f
020 030 /

.0.10
0.o0

Scale: 1:2490 A
Redd locations: e Scale: 1:2037

USFWS, SFWO, Energy Pl anning and | nstream Fl ow Branch
Yuba River Spawning Sensitivity Analysis Report
August 26, 2010

107



Appendix D
TIMBUCTOO STUDY SITE, MARCH 6 — APRIL 5, 2004, FLOW = 2,546 CFS
GEOMETRIC MEAN CRITERIA (CONTINUED)
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Appendix D
TIMBUCTOO STUDY SITE, MARCH 6 — APRIL 5, 2004, FLOW = 2,546 CFS
CLEAR CREEK CRITERIA
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Appendix D
TIMBUCTOO STUDY SITE, MARCH 6 — APRIL 5, 2004, FLOW = 2,546 CFS
CLEAR CREEK CRITERIA (CONTINUED)
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Appendix D
TIMBUCTOO STUDY SITE, MARCH 6 — APRIL 5, 2004, FLOW = 2,546 CFS
DENSITY CRITERIA
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Appendix D
TIMBUCTOO STUDY SITE, MARCH 6 — APRIL 5, 2004, FLOW = 2,546 CFS
DENSITY CRITERIA (CONTINUED)
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Appendix D
HIGHWAY 20 STUDY SITE, MARCH 12 - APRIL 11, 2002, FLOW = 2,353 CFS
CRITERIA FROM U.S. FISH AND WILDLIFE SERVICE (2008)
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Appendix D
HIGHWAY 20 STUDY SITE, MARCH 12 - APRIL 11, 2002, FLOW = 2,353 CFS
CRITERIA USING ONLY DATA FROM UPSTREAM OF HIGHWAY 2 0
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Appendix D
HIGHWAY 20 STUDY SITE, MARCH 12 - APRIL 11, 2002, FLOW = 2,353 CFS
GEOMETRIC MEAN CRITERIA
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Appendix D
HIGHWAY 20 STUDY SITE, MARCH 12 - APRIL 11, 2002, FLOW = 2,353 CFS
CLEAR CREEK CRITERIA
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Appendix D
HIGHWAY 20 STUDY SITE, MARCH 12 - APRIL 11, 2002, FLOW = 2,353 CFS
DENSITY CRITERIA
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Appendix D
HIGHWAY 20 STUDY SITE, MARCH 6 — APRIL 5, 2004, FLOW = 2,546 CFS
CRITERIA FROM U.S. FISH AND WILDLIFE SERVICE (2008)
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Appendix D
HIGHWAY 20 STUDY SITE, MARCH 6 — APRIL 5, 2004, FLOW = 2,546 CFS
CRITERIA USING ONLY DATA FROM UPSTREAM OF HIGHWAY 2 0
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Appendix D
HIGHWAY 20 STUDY SITE, MARCH 6 — APRIL 5, 2004, FLOW = 2,546 CFS
GEOMETRIC MEAN CRITERIA
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Appendix D
HIGHWAY 20 STUDY SITE, MARCH 6 — APRIL 5, 2004, FLOW = 2,546 CFS
CLEAR CREEK CRITERIA
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Appendix D
HIGHWAY 20 STUDY SITE, MARCH 6 — APRIL 5, 2004, FLOW = 2,546 CFS
DENSITY CRITERIA
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Appendix D
ISLAND STUDY SITE, MARCH 6 — APRIL 5, 2004, FLOW = 2,546 CFS
CRITERIA FROM U.S. FISH AND WILDLIFE SERVICE (2008)
Combined Suitahility
1.00
.o.sn 5

0.80 N )

0.70 i
0.60
050 o

0.40 /

0.30
020

.0.10
0.00

Scale: 1:4210
Redd locations: e

USFWS, SFWO, Energy Pl anning and | nstream Fl ow Branch
Yuba River Spawning Sensitivity Analysis Report
August 26, 2010

123



Appendix D
ISLAND STUDY SITE, MARCH 6 — APRIL 5, 2004, FLOW = 2,546 CFS
CRITERIA USING ONLY DATA FROM UPSTREAM OF HIGHWAY 2 0
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Appendix D

ISLAND STUDY SITE, MARCH 6 — APRIL 5, 2004, FLOW = 2,546 CFS
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Appendix D
ISLAND STUDY SITE, MARCH 6 — APRIL 5, 2004, FLOW = 2,546 CFS

CLEAR CREEK CRITERIA
Combined Suitability

1.00
.D.QEI

&0 )
o7a :
0EQ i

00
040 /rd_

030

020 =

.n.m
o.00

Scale: 1:4210
Redd locations: e

USFWS, SFWO, Energy Pl anning and | nstream Fl ow Branch
Yuba River Spawning Sensitivity Analysis Report
August 26, 2010

126



Appendix D
ISLAND STUDY SITE, MARCH 6 — APRIL 5, 2004, FLOW = 2,546 CFS
DENSITY CRITERIA
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